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REPORT OF THE "HOHENSTEIN BOILER" AND 
"LIQUID FUEL" BOARDS. 



INTRODUCTORY. 

While the extended series of tests for determining the relative 
value of coal and liquid fuel for naval purposes were conducted 
and completed during the incumbency of Rear- Admiral George W. 
Melville, as Chief of the Bureau of Steam Engineering, the prepara- 
tion of the report has been in progress since the accession to oflSce 
of Rear- Admiral C. W. Rae as Engineer in Chief of the Navy. 

As the Bureau of Steam Engineering has been exceedingly desirous 
of having the report embrace complete and reliable information as to 
the development of oil fuel installations, the Fuel Board therefore 
made special effort to note the progress made to date and thus to 
make the report of value to all interested in the use of liquid fuel 
for either manufacturing, marine, or naval purposes. 

Special attention is called to the fact that the cost involved in the 
installation and operation of the experimental boiler plant, combined 
with the direct and indirect expenditure incurred by individuals and 
the Navy Department in conducting the extended series of tests prob- 
ably represents the largest outlay ever heretofore incurred by either 
private, corporate, or of&cial interests in the thorough investigation 
of the important problem of determining the possible future field for 
the use of crude petroleum as a fuel. 

Navy Department, 

Wdshingtoi}^ D, C, August 1^ 190^, 



Department of the Navy, 
Bureau op Steam Engineering. 
Sir: The undersigned, appointed a board to conduct an extended 
series of tests to determine the merits of the Hohenstein water-tube 
boiler as a steam generator of approved type for ships of war, and for 
investigating the relative value of coal and oil as a fuel for naval pur- 
poses, submits the following report: 
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4 NAVAL ''LIQUID FUEL" REPORT. 

The water-tube boiler used during these tests was of the straight 
large tube type, and was built to conform to the requirements of 
weight, capacity, and space occupied by one unit of the boiler installa- 
tion of cruisers of the Denver* class. Each unit of the boiler installation 
of vessels of the Denver class is required under forced draft of 1-inch 
water pressure, and under 275 pounds steam pressure, to evaporate 
12,000 pounds of water per hour under actual steaming conditions. 
On the basis of 16 pounds of water per indicated horsepower per 
hour there would thus be developed for main engines and circulating 
pumps about 16 I. H. P. per hour per square foot of grate surface, a 
requirement that is not exceeded by any other installation of straight 
large tube type of boiler in the United States Navy. When using 
forced draft during both coal and oil tests this designed capacity was 
greatly and repeatedly exceeded without detriment to the tubes and 
drums, and therefore speaks well for the efficiency and endurance of 
the design and workmanship of the boiler under test. 

As comparative data is of the greatest practical value in affording 
infoi-mation or determining results, it should be stated that coal was 
the fuel used from April 23, 1901, to January 11, 1902, when deter- 
mining the evaporative efficiency, capacity, reliability, and endurance 
of the design of the experimental boiler. 

A careful study of the data and summary of the coal and oil tests 
ought thus to furnish comparative and reliable information, and enable 
marine-boiler designers, as well as all having a direct interest in the 
boiler problem, to note for themselves the relative advantages and 
disadvantages of the two kinds of fuel when tested under as nearly 
similar conditions as could possibly be secured. 

GENERAL DIMENSIONS OF THE HOHENSTEIN BOILER USED FOR CON- 
DUCTING THE COMPARATIVE TESTS. 

Drums, — ^There are six steam drums, forming a double hollow par- 
allelopipedon. There is a front drum, 24 inches in diameter; a rear 
drum, 24 inches in diameter, and four connecting drums, each 1() 
inches in diameter. There is also a lower rear mud drum 24 inches in 
diameter. 

Tubes. — There are sixteen 4-inch tubes 7 feet long, three hundred 
and eighty-four 2-inch tubes 9 feet long, and fifteen 5-inch downtake 
tubes, which are connected to the rear steam drum and to the nmd 
drum. 

Heating and grate surface. — There are 2,130 square feet of heating 
surface and 50.14 square feet of grate surface. Ratio of heating sur- 
face to grate surface, 42.5 to 1. 

Fl^)or spaae. — Nine feet wide, 10 feet Hi inches deep. 

lleigkb over aU. — Twelve feet 6f inches. 



DETAILS OF EXPEBIMENTAL BOILER. 5 

Volumes. — Water at steaming level, 142 cubic feet; steam space, 
50 cubic feet; furnace volume above grate bars, 121.14 cubic feet. 
WeightH. — Boiler and fittings, excluding uptake and smoke pipe; 

Pounds. 

With water 54,127 

Without water 46, 668 

Per square foot of heating surface at steaming level and at 275 
pounds pressure: 

Pounds. 

With water 25.4 

Without water 21.8 

Water per Bquare foot grate surface 1 , 080 

Ratios. — Area of grate to area of air spaces (average for all the 
tests with coal), 1 to 0.57. 

Measurements of smokestack, — Height of stack above the grate, 70 
feet; cross section of smokestack, 8.73 square feet; ratio of smoke - 
pipe area to grate area, 1 to 5.75. 

SPECIAL CHARACTERISTICS OF THE EXPERIMENTAL BOILER. 

Drums, — The arrangement of the drums provides for a large body 
of water within them, thus affording a marked steadiness of water 
level. The design of these drums likewise secures a large steam- 
liberating area, as well as a space above the water level sufficient to 
insure unusual dryness of steam. 

Arrangement of tithes. — A most noteworthy feature of the boiler is 
the arrangement of the tubes in pairs, in such a way that each tube is 
free to expand independently of other tubes, thus effectually prevent- 
ing longitudinal stresses. The tubes, instead of being expanded into 
rigid headers at both ends, are so arranged that at least one end of 
each tube is expanded into a junction box. 

There are two sizes of tubes. Sixteen of these tubes are 4 inches in 
diameter, arid are the ones which are subjected to the greatest heat and 
strain. These large tubes arc expanded into a mud drum at the rear 
end, the drum being of sufficient size, however, to permit a man to 
enter either to make examination or repairs. It requires but the 
removal of a single plug either to examine or to clean any large tube. 

There are 384 2-inch tubes whose ends are expanded into junction 
boxes. The removal of these tubes was easily effected, a test of the 
time and difficulty attending this operation having been exacted during 
the experiments by the Board. 

There are fifteen 5-inch downcast tubes. The comparative sectional 
areas of generating tubes and of downcasts is such that the carr3'ing 
capacity of the latter is more than ample to supply the generating 
tubes. There is room between the downcast tubes and the rear set of 
junction boxes for a man to enter to remove plugs and cut out the 



6 



NAVAL "LIQUID FUEL REPORT. 




Fig. 1.— The Hohensteln experimental boiler uaed in the naval tests, arranged for coal burning. 



AUXILIARIES OF THE EXPERIMEMTAL BOILER. 7 

tubes, thus permitting for naval construction the downcast tubes to 
be placed quite close to the athwartship bulkheads. 

Junction boxes, — In each element or cj'cle of tube arrangement there 
is but one junction box to impair the flow of circulation. As it wijl 
undoubtedly be found that in every form of straight water-tube 
boiler there will be buckling of the tubes in case some provision is not 
made for allowing for expansion, the introduction of a single junction 
box should have important advantages. Such a junction box is free 
to accommodate itself to any irregularities due to the expansion or con- 
traction of the tubes. It was observed during one of the fuel-oil tests 
that when the front casing was removed and fires lighted under the 
cold boiler that the displacement of one of the lower front junction 
boxes did not exceed one-eighth of an inch in the vertical plane. 

Efficiency of the composition jdugs, — Opposite every tube end, com- 
position plugs have been fitted in the junction boxes. These plugs 
are of two sizes, 2| inches and 4^ inches in diameter, with, respective!}' , 
Hi and 8 threads per inch. The threads are lubricated with graphite. 
Some of the plugs are made with tapering threads, and depend for 
tightness on these threads alone. It was thought that the relative 
high coefficient of expansion of the composition plug would cause the 
plug to be tight under steam, and easily removable when cold. It was 
found necessary, however, to cut out some of these plugs when it was 
desired to examine the tube, thus showing that the composition when 
expanded had taken a permanent set, somewhat resembling cast iron 
in this respect. 

The plugs with parallel threads were packed, under the narrow 
flange at the end, with Merwath gaskets. These gaskets consist of con- 
centric copper and lead rings soldered together. The plugs secured 
in this way were easily removed and found to be tight under pressure. 

Character of tlie circulation. — Attention is called to the fact that 
the entire down flow of circulation takes place within the 5-inch verti- 
cal tubes (see Fig. 1«), which are located in a comparatively cool place, 
while, on the other hand, there is invariably an upward trend to the 
circulation in all horizontal tubes and headers exposed to the hot 
gases. It is highly improbable that there are reverse currents at any 
part of the water circuit. The feed water is introduced at the top of 
the downtake tubes, which is obviously the best possible place as 
regards influence on the circulation. At the same time the head due 
the velocity of the feed water is augmented by means of injector 
nozzles pointing in the direction of the flow. 

GENERAL ARRANGEMENT OF THE AUXILIARIES OF THE EXPERIMENTAL 

PLANT. 

Air-tight sted structure, — The boiler was erected in a steel structure 
built especially for these tests. The following are the general dimen- 
sions of this air-tight building: Floor space, 16 feet by 24, and 
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height, 14 feet. There was an air lock for entrance and exit during 
forced-draft trials. There were seven windows fitted that could be 
opened during natural-draft trials. 

Compremors. — There was a Root blower (No. 3 size) driven by a 
direct connected engine 8 by 9 inches which was capable of delivering 
8 cubic feet of free air per revolution, at pressures i*anging from f 
pounds to 5 pounds per square inch. There was also a Rand air com- 
pressor of the very latest design capable of giving pressures up to a 
hundred pounds per square inch. The following are some of the 
dimensions of this blower: 

iSteam cylinder: inehe«. 

Diameter 10 

Stroke 14 

Compreesor: 

H. P 10 

L. P 16 

Piimps. — There was installed a Davidson suction pump, a Snow high- 
pressure feed pump, and several Blake pumps. It was exceedingly 
unfortunate that a larger size feed pump was not installed, since the 
evaporative capacity of the boiler under test exceeded the limit of the 
feed supply that could be furnished by the Snow pump. 

Blowing engi7ie. — There was a direct connected blowing engine and 
fan. The fan had an impeller 72 inches in diameter and a discharge 
duct 20 inches by 42 inches, which led to the fire room and terminated 
in a box placed so as to direct the air current toward the ceiling. 

Meamiriug in^itrurnejits, — Standard scales, test gauges, and other 
instruments of precision were used so that the most accurate data 
possible could be collected. 

MANNER IN WHICH THE WEIGHT OF COAL, WATER, AND REFUSE WAS 

ASCERTAINED. 

Feed water.— Th^ feed water was generally muddy. The suppl}^ was 
drawn from the Potomac River through a suction pipe that i^an out to 
the end of a dock. No test was either dela3'ed or stopped solely on 
account of the character of the feed, and there were times when an 
unusually heavy quantity of mud was in this feed supply. 

The feed water was weighed in two circular tanks holding respect- 
ively 1,046 and 1,047 pounds of water each, and resting/)n 1,500-pound 
Howe scales. These scales had been tested by the city's sealer of 
weights and measures. The scales and weighing tanks were on a 
platform above the feed tank. The weight of each tank when filled 
was recorded, and then the water was allowed to flow into the feed 
tank as needed. As soon as the weighing tank was emptied the weight 
was again taken and the time noted. The feed tank was provided 
with a graduated water-level gauge. The height of water by this 
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gauge was noted at the moment of beginning the test, and at the end 
of each hour it was again brought to the same level. The feed tank 
had a steam coil for heating the water. Wide variations in the tem- 
perature were easily avoided by keeping the water level in the tank 
fairly constant. 

In some of the forced-draft trials the weighing tanks had to be 
filled, weighed, and emptied with such rapidit}^ owing to their 
insufficient size, that the above method of catching the weight at 
the end of each hour could not be used. The weighing tanks were 
accordingly each fitted with a water-level gauge graduated to 5 
pounds, by the aid of which the weight within 5 pounds could be 
caught at any moment without interfering with the rapid manipula- 
tion of the tanks. The temperature of the feed water was taken at 
an elbow of the feed pipe between the pump and the boiler. 



ACTUAL WEIGHT OF WATER CONTAINED IN BOILER. 

The following determination was made of the actual weight of water 
contained in the boiler at a temperature of 56° F. and at diflferent gauge- 
glass readings, the correct steaming level being at 1 inch: 



Height of water in gauge. 



Total niffn,. 

, weight of ^J^^' 
I water. ®°^®- 



I Pound9. 

8,588 

1 inch 8,869 

2 inches i 9,235 

3 inches , 9, 648 

4 inches 10, 033 

6 inches ' 10, 405 



Pounds. 

281 
366 
413 
385 
372 



Area of 
water 
level. 



Sq./eet. 

52.2 
70.5 
79.6 
74.2 
71.7 



Coal. — ^The coal was weighed in sheet-metal cans or bags, the method 
being to adjust each can or bag to a uniform weight of 220 pounds or 
130 pounds while on the scales, and then keep tally of the number 
passed into the fireroom. Beginning with the seventh test, the coal 
account was balanced at the end of eac^h hour by estimating and 
deducting the weight of coal lying at the moment on the fireroom floor. 

Befiise. — The ashes and refuse were weighed in sheet-metal cans as 
they accumulated, and the weight of sweepings from tubes and baf- 
fles was carefully ascertained. By reason of the coal tests being lim- 
ited to periods of short duration there was practically no cleaning of 
fires, and thus the percentage of refuse is much smaller than would 
occur under actual seagoing conditions. 
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CHARACTER OF THE STEAM EVAPORATED. 

The quality of the steam was determined by means of a Barrns 
throttling calorimeter, which drew steam from the main steam pipe at 
a point 8 inches in-front of the boiler. The sampling nozzle consisted 
of a half-inch pipe reaching nearly across the steam pipe in a horizon- 
tal diameter. This pipe had four rows of perforations extending the 
length of the diameter of the inside of the steam pipe — vSay, for li 
inches at each end. An extra calorimeter was fitted and readings were 
taken from both calorimeters throughout the series of trials, except 
when, as once occurred, the extra calorimeter got out of order by the 
lodgment of black scale in its throttling orifice. 



CHARACTER OF THE COAL USED. 

From each can or bag of coal that was brought into the fireroom, a 
specimen was taken and collected in a box, so that there could be for- 
warded for analysis a fair sample of the fuel used. 

The following table gives the result of analyses of samples of each 
lot of coal. The analyses were made by the chemist at the New York 
Navy -Yard: 



PocahontAs coal, nin 
of mine. 



New River 

coal, ran of 

mine. 



Pocahontas 

coal, hand 

picked and 

screened. 



Fuel bamed In boiler test No.— 





1, 2, 3. 


4, 5, 6. 


7. 8, 9. 


10 to 17. 


PROXIMATB ANALYSIS. 

Fixed carbon 


Percenl. 

73.30 

17.61 

.49 

8.60 


Percent. 

75.78 

19. 53 

.79 

3.90 


Percent. 

72.99 

21.79 

.49 

4.73 


Percent. 
76.81 


Volatile matter 


19.62 


Moisture 


.73 


Ash 


2.84 






Sulphur, separately determined 


100.00 
.48 


100.00 
.71 


100.00 
.46 


100.00 
.82 


ULTIMATE ANALYSIS. 

Carbon 


82.26 

3.89 

4.12 

.64 

.49 

8.60 


84.96 

4.07 

5.46 

.90 

.71 

3.90 


83.60 
4.85 
4.87 
1.41 
.46 
4.81 


85.94 


Hydrogen 


4.45 


Oxviren 


4.50 


Nitrogen 


1.14 


Sulphur 


.82 


Ash 


3.15 








100.00 


100.00 


100.00 


100.00 


CALORIFIC VALUE (b. T. U.'s PER POUNd). 

Coal 


14,067 
15, 391 


14,534 
15, 124 


14,841 
15,684 


14,992 


Combustible 


15, 475 








Fie. la.— Circulatory system of the Hohenstein navnl test boiler. 




Fig. 16.— Draft gage installation for boiler tests. 



FLUE GASES AND PRESSURE GAUGBS. 11 

THE OOMPOSmOK AND TEMPERATURE OF WLXm GASES. 

Samples of the flue gas were drawn from the smdEestack by means 
of an aspirator improvised from two half-gallon bottles. The sam- 
pling tube was one-half inch diameter and extended to the center of the 
stack, the inner end being nearly closed and the sides being perforated 
with one-eighth inch holes, spaced 4 inches apart. The aspirator, 
charged with gas, was carried to a neighboring building, where the 
sample was analyzed by the aid of an Orsat apparatus. 

The temperatures at the base of the stack and the samples of flue 
gas were taken above the roof at a point about 5 feet from the nearest 
heating surface of the boiler, measured along the path of flow of the 
gases. In the natural-draft trials the temperatures were taken with a 
mercury-nitrogen pyrometer, and attempts were made to do the same 
in the forced-draft trials. Momentary flaming in the stack, however, 
caused so many breakages of glass bulbs that reliance had finally to be 
placed on a Brown quick-reading pyrometer, the readings of which 
were, however, checked as well as could be by the melting points of 
zinc, aluminum, and copper. 

Exceptional care was taken in the collection of all data relating to 
the flue gases, in order that some definite information might be secured 
as to the temperature of gases at various points as well as to determine 
the best means of installing bafling. The increased efficiency of the 
water-tube boiler will undoubtedly be secured by changes in bafliing, 
whereby the flow of gases will be more greatly impeded and the 
removal of soot more quickly effected. 

ARRANGEMENT OF PRESSURE GAUGES. 

The several air pressure and steam gauges were placed near each 
other on the wall of the steel structure, and particular care was taken 
in the fitting of necessary pipe connections. 

The following sketch (15) shows the arrangement designed by the 
board to quickly read the air pressure at any point of the boiler 
between the ash-pit and the base of the stack. In the bent tube at 
the left, liquids of different densities were introduced so that light 
variations in pressures could be quickly detected. As compared with 
the bent tube at the right, the tube at the left showed variations in 
the pressure magnified ten times. 

The apparatus consists of a pair of U-shaped glass tubes, with expan- 
sions formed at the top of each tube, for the purpose of augmenting 
the surface of the liquid in the tubes exposed to the action of the gas 
pressures. The successive introduction of the pressure to the top of 
the liquid in one tube was provided for by the use of a rubber-tube 
connection to the top of what might be regarded as a gas switchboard 
or gas manifold. By turning the proper gas cock the pressure could 
32195-04 2 
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COAL TESTS, DETEBMINATION OF AIB AND DRAFT. 1$ 

be brought from any of the points on the boiler, as indicated by the 
lettered name plate, and its eflfect brought to bear on the surface of 
the liquid in one of the bulbs. The U tubes were filled with nonmixing^ 
liquids of different densities and different colors, so arranged that the 
line of demarcation between the two liquids would come approxi- 
mately to the middle of the length of each limit of the U. Before 
beginning a reading the graduated scale at the back of the tubes was 
brought to the common zero by the touch of a lever provided in a slot 
at the bottom of the scale. By the use of this apparatus the determi- 
nation of draft pressures for each of the seven points were accurately 
and rapidly read. 

The steam gauges were 3 feet lower than the water level in the 
boiler. A deduction of 1^ pounds from the observed steam pressures 
was therefore made in working up the results. The steam was blown 
off into the atmosphere, the pressure being controlled by a hand 
operated stop valve. 

MANNER OF DETERMINING QUANTITY OF AIR USED. 

In the accompanying tables of the individual trials the ''pounds of 
air per pound of carbon" was calculated by the approximate formula^ 

11.55 (C O,+0+iCO) 
CO,+CO 

which takes no account of the air consumed in burning hydrogen. In 
the table of summaries the weight of dry gas per pound of carbon is 
calculated by the accurate formula as there given. 

IMPORTANCE OF INSTALLING DRAFT GAUGES AT VARIOUS POINTS 
BETWEEN ASH PAN AND BASE OF STACK. 

B}'^ varying the connections of the draft gauges during the early 
trials it was found that the draft was seriously interfered with by the 
resistance of the uptake. The uptake was accordingly increased in 
size for the later trials, with the result that the boiler showed a greater 
capacity and the fireroom temperature was much lower. With this 
change there was no further trouble as there had been previously, 
with the burning of grate bars. The variation of draft pressure 
within the boiler, together with the improvement that resulted from 
the change just alluded to, is shown diagrammatically in fig. 3. 

DATA SECURED DURING COAL TESTS. 

All the data recorded during the coal or oil tests was taken by^ 
draftsmen attached to the Bureau of Steam Engineering or by persons 
connected with the naval service. No reading of any gauge was 
recorded b}^ anyone either interested in the experimental boiler or ia 
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Draft pres9ure in inches of vxUer, 






CHABACTER OF THE DATA OF THE COAL TESTS. 15 

any appendage or auxiliary connected with the plant. There was no 
effort made nor desire manifested to secure results that would eclipse 
other records. The primary object was to secure data that would 
show what might to be obtained in actual service. 

The board, therefore, believes that in comparing the data obtained 
during these experiments with any other recorded data, particular 
consideration should be given to the fact that during these tests all 
readings were made by persons who had no interest or purpose in 
securing specific results. It is believed that if the data recorded 
be carefully studied there will be conclusive circumstantial evidence 
adduced to show its reliability. 

During some experiments there were as many as ten persons taking 
data, and therefore it was possible to check the readings of the gauges 
suflSciently often to feel assured that reliable information was being 
secured. The board worked on the principle that any recorded infor- 
mation would be valueless unless reliable, and therefore neither 
trouble nor expense was spared in making arrangements for secur- 
ing correct information. 
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NAVAL "liquid FUEL" BEPOBT. 

No. 1. — Ted of HohtnUein VHxter-tube marine boiler , April £3, J 901, 
[Eight hours' duration with natural draft, using coal as a fuel.] 









1 

Calorimeter. 


Temperature. 




Steam 


Tempera- 
ture of 
feed 
water. 


1 


























Time. 


presure 
by gauge. 


' Higher 
; tempera- 
' ture. 


Lower 
tempera- 
ture. 

OR 


Quality 

of 
steam. 


Outside 
air. 


i Air in 
Are room. 


Oases at 
base of 
stack. 




Lbs. 


o^ 


<>F. 


op. 


° F. 


OF. 


9.30 a.m.... 


246 
270 


130 
180 








62 


'"hr" 


486 


9.46 a.m.... 


4i6 


330 


0.996 


570 


10a.m 


270 


170 


408 


320 


.991 


60 


87 


602 


10.15 a.m... 


270 


170 


406 


310 


.986 




87 


720 


10.30 a.m... 


270 


156 


406 


310 


.985 


55 


89 


(«) 


10.45 a.m... 


270 


170 


406 


314 


.988 




93 


i^t 


lla.m 


270 


160 


406 


316 


.989 


63 


93 


11.15 a.m... 


272 


150 


404 


308 


.984 




91 


(a) 


11.30 a.m... 


270 


170 


404 


310 


.986 


64 


89 


(a) 


11.46 a.m... 


270 


150 


404 


262 


.957 




90 


(a) 


12m 


270 


150 


404 


310 


.986 


65 


88 


(°) 


12.16 p. m .. 


270 


130 


404 


309 


.986 




88 


ffl) 


12.30 p. m .. 


270 


140 


406 


308 


.986 


65 


89 


(a) 


12.46 p.m.. 


268 


120 


404 


309 


.986 




94 


}a\ 


1 p. m 


268 


130 


406 


309 


.986 


56 


94 


(a) 


1.16 p. m ... 


266 


160 


409 


310 


.984 




94 


(:i 


1.30 p.m ... 


266 


160 


404 


300 


.980 


62 


94 


1.46 p. m . . . 


266 


150 


404 


308 


.986 




97 


(«) 


2p.m 


266 


126 


404 


316 


.984 


61 


97 


(^) 


2.15 p.m ... 


260 


120 


404 


310 


.986 




96 


(«) 


2.30 p.m ... 


260 


135 


404 


310 


.986 


59 


96 


("1 


2.46 p.m... 


260 


126 


404 


318 


.986 




97 


3 p. m 


260 


160 


404 


310 


.986 


62 


100 


«) 


3.15 p.m ... 


266 


150 


404 


310 


.986 




101 




3.30 p.m... 


265 


110 


404 


302 


.981 


61 


101 


3.45 p. m ... 


260 


130 


404 


268 


.961 




101 


^') 


4 p. m 


266 


140 


404 


224 


.9:^ 


6i 


102 


«) 


4.15 p. m ... 


260 


130 


404 


310 


.986 




101 


N) 


4.30 p.m ... 


266 


135 


404 


264 


.959 


60 


100 


(^') 


4.46 p.m ... 


265 


130 


404 


252 


.952 




86 


(«) 


5 p. m 


260 


135 


404 


309 


.986 


59 


87 


(«) 


5.15 p.m ... 


266 


140 


404 


308 


.986 




92 


(a) 


5.30 p.m ... 


266 


160 


404 


304 


.984 


59 


100 


Average 


265.4 


144 


i 


.980 


57.3 


93.8 


594 







a Pyrometer out of order. 
State of weather, clear. 
Barometer at noon. 80.02 inches. 
Kind of fuel, Pocahontas coal, run of mine. 
Wood burned In starting fires, 850 pounds. 
Coal burned in starting flreH, 2,400 pounds. 
Coal burned during test, 9,720 pounds. 
Aflhes before beginning test, 260 pounds. 



OOAL TESTS. 
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No. 1. — Test of Hohenatein waier^ube marine boiler ^ April es^ 1901. 
[Eight houn' duration with natural draft, using coal as a fuel.] 





Height of 

water inr 

gauge 

glaaa. 


Air preasures in 
inches of water. 




Flue 


gases. 




Water. 


Time. 


Ashpit. 


Base of 
stack. 


CO.. 

■ 

P,cL 


O. 


CO. 

_ 


Dry air 

per 
pound 
carbon. 

LbB. 


Fed per 
hour. 


Total 


9.30 a. m..-- 


/M. 




-0.30 

- .30 

- .40 

- .40 

- .40 

- .50 

- .55 

- .60 

- .55 

- .50 
-- .50 


P.ct, 


Lb$, 


Lbt. 


9.45 a.m 


? n 1 1 M 1 1 1 




: 




10 a.m 


4 

\ 
f 

3 

4 

4 

4 

3 

4 

4 

3 

4 

4 

4 

3i 

4 

4 

4 

4 

5 

5 

5 

? 

5 
4 

\ 

4 








10.15 a.m... 




1 1 




10.30 a.m... 
10.45 a.m... 


10.4 


6.1 


2.3 


16.1 


9,511 


9,511 


11 a. m 




1 1 




11.15 a.m... 




' 




11.30 a.m... 
11.45 a.m... 


9.4 


7.i 


2.2 


17.5 1 9,218 


18,729 


12 m 




' 






12.15 p.m... 
12.30 p.m... 
12.45 p.m... 

Ip. m 

1.15 p.m 

1.30 p.m 

1.45 p.m.... 

2p.m 

2.15 p.m 

2.30 p.m.... 
2.45 p.m.... 

3 p. m 

3.15 p.m 

3.30 p.m 

3.45 p.m 

4p.m 

4.15 p.m 

4.30 p.m.... 

4.45 p.m 

5 p.m 

5.15 p. m 

5.30 p.m 


- .06 - .55 

- .05 1 - .56 

- .05 f- .50 

- .05 - .55 

- .05 - -55 

- .05 - .55 

- .05 '- .55 

- .05 I- .55 

- .05 - .55 

- .05 1 - .56 

- .05 , - .56 

- .05 L .50 

- .05 1- .55 

- . 06 ' - . 55 

- .05 r- .55 

- .05 1- .56 

- .05 - -fv5 




...I 






10.3 


7.2 


.8 


18.6 


9,867 


28,596 


i ; 












9 


8.4 


1 


20.6 


9,100 


37,696 
















9.6 


5.8 


1.6 


16.9 


9,671 


47,367 


1 










11 


5.5 


2.1 


15.5 


9,832 


67,199 


i 




1 ' 




- .05 

- .05 

- .05 

- .05 

- .05 


- .56 

- .65 

- .56 

- .55 

- .55 


9.3 


7.9 


1.7 


18.9 


9,501 


66,700 


1 1 






1 






::::::i::::::i:::::: ::::::: 


9,279 


75,979 


1 1 


Avf^rag^^ .... 




- .05 


- .615 


9.86 


6.85 


1.67 


17.7 


9,497 











Ashes during test, 377 pounds. 

Kefuse, including sweepings from tubes and batHes, 640 pounds. 

Per cent of moisture in coal by weighing and drying sample, 0.6. 

Firing very poor and irregular. Average interval between firings, 13 minutes. Average interval 
between rakings, 12 minutes. Average thickness of fire, 1 2 inches. At 2.3U p. m. only about two-thirds 
of the grate was in actual use on account of irregular thickness of fire. Average smoke by Ringel- 
mann charts, 2|. Water drawn from mud drum on following day, when allowea to settle in a bottle, 
left flve^ighths inch of sediment in 8 Inches depth of water. 
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No. 2. — Test of Hohensiein uxiier-tube marine boiler^ April j?^, 1901, 
[Six hours' doxution with forced draft, xudng coal be a fuel.] 





! 




Calorlmetei 




Temperature. 




Steam 

pressure 

, by gauge. 

1 


Tempera- 
ture of 
feed 
water. 














Time. 


Higher 
tempera- 
ture. 


Lower 
tempera- 
ture. 


Quality 
oiEtteam. 


Outside 
air. 


Air in 
flre- 
room. 


Gases at 
base of 
stack. 




Lb«, 


°F. 


OjF. 


°F. 




°F. 


op 


°F. 


10.35 a. m 


..! 275 


120 


407 


260 


0.956 


72 


102 


640 


10.45 a. m 


.. 260 

..] 275 


140 
138 


396 
393 


290 
300 


.978 
.985 








11a.m... 




98 


605 


11.15 a. m 


.. 275 
.. 275 


138 
140 


S98 
398 


299 

278 


.977 
.970 








11.30 a. m 


68 


113 


690 


11.45 a. m 


..' 275 
.. 275 


160 
120 


398 
399 


272 

288 


.967 
.976 








12m 




116 


710 


12.15 p. m 
12.30 p. m 


.. 275 

.. 275 


140 
150 


898 
399 


303 

212 


.984 
.9,30 








70 




119 


750 


12.45 p. m 


.. 275 


160 


399 


304 


.983 








1 p. m 


.. 275 


130 


399 


292 


.977 




120 


700 


1.15 p. m . 
1.30 p. m , 


.. 275 
.. 275 


130 
130 


399 
398 


270 
280 


.965 
.971 








70 


120 


980 


1.45 p. m . 
2 p.m... 


.. 275 

...1 275 


130 
138 


399 
398 


270 
216 


.965 
.934 











120 


725 


2.15 p< m 


.. 275 


170 


400 


270 


.965 








2.30 p. m 


.. 275 


145 


400 


264 


.961 


70 


122 


1025 


2.45 p. m 


..1 275 


165 


400 


250 


.953 








3 p. m . . . 


... 275 


146 


400 


307 


.986 




126 


805 


3.15 p. m 


.. 275 


140 


400 


305 


.985 








3.30 p. m 


... 275 


160 


400 


290 


.976 


72 


127 


720 


3.45 p. m 


.- 275 


150 


400 


284 


.973 









4 p. m . . . 


... 275 


160 


399 


276 


.968 




126 


805 


4.15 p. m 
4.35 p. m 


... 275 

..| 275 


165 
170 


400 
401 


290 

218 


. 976 
.934 










........ 

123 


575 


Average . . 


...1 274.4 


145.36 






.968 


70.3 


117.8 


748.4 









State of weather, dull and overcast. 
Barometer at noon, 80.12 inches. 
Revolutions of blower, 250 per minute. 
Kind of fuel. Pocahontas coal, run of mine. 
Wood burned in starting fires, 800 pounds. 
Ck>al burned in starting fires, 2,000 pounds. 
Coal burned during test, 10,445 pounds. 
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No. 2. — Test of Hohenttein vnter'tuhe marine boiler, April SB, 1901, 
[Six hours' duration with forced draft, using coal a« a fuel.] 



I 



Time. 



I Air prespures in Inches FlueeMca 

Heijht of water. I i?iue gases. 

water 

in 
gauge 
glass. 



Water. 



Fire- 
room. 



Ash 
pit. 



10.35 a.m. 
10.45 a.m. 
11 a. m . . . 
11.15 a.m. 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m.. 
4.35 p.m.. 

Average . . 



I Im, 
.1 21 



' 2i 
2 

li 
2 

2i 
I 3 

I 3 |I 

I ^ ' 

I 2i 

I 2* 
, 21 

: 21 

I 31 

I 31 
' 2 1, 

3 

3 

21 ; 1 

3i 1 1 
21 1 
3 ' 1 



1 

1 

1.1 

1 

1. 

1. 



Base of I y^i- 
stack. , ^«- 



.1 1.7 
. 1.1 



.95 
.95 

.95 



I 

I 1 

I 1 

I 1 

! .85 

1 .95 

i 1.1 

I 1 

i 1 

I 1 

I 1 

' 1 
'l 

'l 
I 
' 1 

!> 

! 1 
li 



1.08 I 1.02 



I P.d. 
-0. 80 I 7. 6 

- .60 I 

- .60 ! 8 

- .60 \ 

- .70 i 11.2 

- .65 ' 

- .-65 

- .65 

- .65 

- .60 

- .65 

- .70 

- . 70 [ 10. 3 

- .70 ; 

- .65 , 7.6 

- .60 



8.7 

8.8 

10.5 



CO. 



P. cl. P. ct. 
6.4 2.3 



5.8 , 2.2 



5.2 I 1.5 



5.3 I 3.6 
6 I 2.4 



Dry air 

per 
pound 
carbon. 



Lbs. 
17.6 



16.8 
15.6 
14.8 
16.5 



- .65 11.4 

-.65; 

- .65 I 10.4 

-•^, 

- .65 I 9.8 

- .65 , 

- .65 ' 9.2 

- .65 

- .65 ' 9.5 



5.8 ' 1.7 '16.2 



6.9 1.6 , 17.5 



Ppd TM.r ' Total 
"h^nr 1 weight 

I 



Lb9. 



Lb8. 



14,038 , 14,038 



15,572 ' 29,610 



15,540 ; 45,150 



.9 , 2.4 19.2 I. 



16.6 I 13.328 



7.5 1.6 18 



.6541 9.461 6.5 



6.8 
7.4 
7.5 



2.2 ,17 



14,278 



1.2 , 19.1 j 

I 

1.8 ! 18.3 I 14,074 



1.96 I 17.2 I 14,471 



58,478 



72, 756 



86,830 



Ashes before beginning test, 160 pounds. 

Ashes during test, 675 pounds. 

Refuse, including sweepings from tubes and baffles, 560 pounds. 

Per cent of moisture in coal by weighing and drying sample, 0.5. 

Firing very irregular, with average interval of 11 minutes. Average interval between rakings. 9 
minnt^ varying from 4 minutes to 13 minutes. Average thickness of fire, 12 inches. Average smoke 
by Ringelmann charts, 2}. Slicing doors kept closed after 11 o'clock. 



20 



NAVAL ''LIQUID FUEL" BEPOBT. 



No. 3. — Tert of Hohenetein tvcUer'tube marine boiler ^ May 8, 1901. 
[Four houn' duration with forced draft, using coal as a fuel.] 









Calorimeter. 


Temperature. 


Time. 




i 
t 

1 

■5 

1 


i 
1 


I 


"o 

1 


1 1 

1 

1 M 

! 1 
^ ■ 1 : 1 

f.ri 


12m 

12.15 p. m.. 
12.30 p. m.. 
12.45 p. m . . 

1 p. m 

1.15 p. m... 
1.30 p.m... 
1.45 p.m... 

2p. m 

2.15 p. m ... 
2.30 p. m... 

2.45 p.m... 

3 p. m 

3.15 p.m... 
3.30 p. m ... 

3.46 p. m . . . 

4 p. m 


Lb9. <*F. 
276 

276 155 
276 I 150 
276 ; 140 
275 142 
275 j 150 
275 1 138 
275 130 
275 142 
275 150 
275 ; 150 
275 i 152 

275 1 144 
278 152 

276 150 
285 140 
280 ; 148 


O Jf o jt» 

398 300 

396 309 
398 324 
400 324 

398 322 

397 314 

399 i 314 
399 314 
399 314 

399 312 

400 312 

398 305 
299 314 

400 312 

401 310 
400 309 
400 310 


0.982 
.988 
.996 
.996 
.995 
.991 
.991 
.991 
.991 
.989 
.989 
.985 
.991 
.989 
.988 
.987 
.988 


74 
76 

72 

72 


70 


op 

108 
112 
119 
124 
127 
126 
127 
128 
129 
127 
126 
115 
121 
123 
120 
119 
120 


°F. 

730 

1,340 



1,240 

1, 175 
955 
920 
825 
875 
955 


Average 


276.1 ' 145.8 






.989 


72.8 ! 121.7 ' 1.001.6 

















State of weather, dull and overcast. 
Barometer at noon, 29.86 inches. 
Revolutions of blower, 335 per minute. 
Kind of fuel, Pocahontas coal, run of mine. 
Wood burned in starting Ares, 390 pounds. 
Coal burned In starting fires, 2,600 pounds. 
Coal burned during test, 10,569 pounds. 
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No. 3. — TeA of Hohenatein ivater-tube marine hoUer, May 8^ 1901. 
[Fourhoun* duxatlon with forced draft, using coal as a fuel.] 





i 

1 

1 


of water. 


Flue gases. 


Water. 


Time. 


S 


ft 

1 


1 

J 


CO,. 


0. 


CO. 


1 

1 
1 


Fed per hour. 


i 

1 


12m 


Im. 1 


^ 




P.rt. 
10.1 


P.ct. 
5.7 


P.ci. 
1.8 


Lb,. 
16.2 


X6«. 


Lb^ 


12.15 p.m.. 
12.30 p.m.. 
12.45 p.m.. 

1 p. m 

1.15 p. m .. 
1.30 p. m.. 
1.45 p. m.. 

2p. Ill 

2.15 p. m . 


1": — 

4- } 2.05 1 2 


-0.75 

- .85 

- .90 

- .85 

- .85 
- .85 

- .85 

- .85 

- .85 

- .85 

- .85 

- .80 
-.85 

- .85 

- .80 

- .80 






+ i 

- i 



-h i 

- i 

4- * 


2.05 2 
2. 20 2. 10 
2.05 ' 2 
2. 05 ' 2 
2.05 2 
2.05 1 2 
2.05 i 2 
sn.*^ I 9 


16 


2.1 


.0 


13.1 






1 


15.2 


3 j .0 


13.8 


1 

19, 108 1 19, 108 


10 


6.4 ' 1.6 

1 


17.1 


1 


' 


13.3 


5.2 .7 


15.5 


19,916 1 39,024 

1 


2.30 p. m .. 4-1 A 2.10 


2.05 
2 


12.5 


5 .9 


15.5 




2.45 p. m.. 

3 p. m 

3.15 p. m -. 


•f * 2.05 







1 


1 2 1 1. 95 
1 2.05 1 2 


12.6 


5 


1.1 


15.3 


20,286 59,310 


3.30 p. m .. I 2. 10 2 


10 


6.9 


1.6 


17.6 


1 


3.45 p. m .. -i-2 1 2 


1,95 
2 


t 


4 p. m 

Average . . . 


1 2.05 


12.1 


^.4 


1.3 


14.8 


20,483 1 79,794 


1 2.059 

1 


2 


- .838 


12.42 


4.85 1 1 


15.4 


19,948 





Ashes before beginning of test, 195 pounds. 
Ashes during test. 459 pounds. 



Refuse, including sweepings from tubes and baffles, 815 pounds. 
Per cent of moisture in coal by weighing and drying sample, 0.6. 
Fired and raked alternately at Intervals averaging 9 minutes for each. 



slicings, 14 minutes, varjring from 8 minutes to Sf minutes. Frequent flames in stack, especially 
during first two hours. Average smoke by Ringelmann charts, 2i. 



Average interval between 
les Id 
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No. 4. — Test of HohetigteinvKUer-tube marine bailey May j?.9, 1901. 
[Eight houn' duration with natural draft, using coal as a fuel.] 





^ 


water. 


Calorimeter. 


Air 


preraureH 


. in inches of water. 




















Time. 


^ 

S 


1 




2 


= 






1' 


M 






a 


1 
1 

S 
OF. 


1 

1 


1 


1 

1 


"S. 


1 


5 


1 

u 


1 

ao 




n>s. 


OF. 


op 








9a. m 


272 


140 


399 


300 10. 982 


0.0 


-0.20 


-0.20 


-0.20 


-0.20 


9.15 a. m... 


272 


135 


402 


310 


.987 


.0 


- .20 


- .20 


- .20 


- .22 


9.30 a.m... 


275 


145 


404 


313 


.988 


.0 


- .18 


- .20 


- .20 


- .22 


9.46 a.m... 


275 


136 


402 


315 


.990 


.0 


- .16 


- .20 


- .20 


.22 


10a.m .... 


275 


135 


403 


316 


.990 


.0 


- .18 


- .20 


- .20 


- .20 


10.15 a.m.. 


275 


140 


404 


316 


.990 


.0 


- .18 


- .20 


- .20 


- .20 


10.30 a.m.. 


275 


130 


406 


316 


.989 


.0 


- .16 


- .20 


- .20 


- .20 


10.45 a.m.. 


275 


135 


406 


316 


.989 


.0 


- .18 


- .20 


- .20 


- .20 


lla.m .... 


272 


130 


403 


316 


.990 


.0 


- .16 


-- .20 


- .20 


- .20 


11.15 a.m.. 


275 


136 


404 


316 


.990 


.0 


— .16 


- .20 


- .20 


- .22 


11.30 a.m.. 


273 


135 


402 


316 


.990 


.0 


- .16 


- .20 


- .20 


- .22 


11.45 a.m.. 


275 


130 


403 


316 


.990 


.0 


- .18 


- .20 


- .20 


- .22 


12m 


270 


135 


403 


317 


.990 


.0 


- .18 


- .20 


- .20 


- .26 


12.15 p.m.. 


272 


136 


404 


318 


.990 


.0 


- .16 


- .20 


- .20 


- .28 


12.30 p.m.. 


272 


138 


403 


317 


.990 


.0 


- .16 


- .20 


- .20 


- .28 


12.45 p.m.. 


272 


135 


404 


317 


.990 


.0 


- .16 


- .20 


- .20 


- .26 


1 p. m 


272 


140 


404 


317 


.990 


.0 


- .16 


" .20 


- .20 


- .26 


1.15 p. m... 


272 


135 


404 


317 


.990 


- .05 


- .16 


- .20 


- .20 


- .26 


1.30 p.m... 


272 


136 


403 


317 


.990 


- .05 


- .18 


- .20 


- .20 


- .28 


1.45 p.m... 


274 


136 


403 


317 


.990 


- .06 


- .18 


- .20 


- .20 


- .28 


2 p. m 


270 


136 


402 


317 


.991 


- .06 


- .20 


- .22 


- .22 


- .28 


2.15 p.m... 


270 


140 


403 


317 


.990 


.0 


- .18 


- .20 


- .20 


- .26 


2.30 p.m... 


270 


145 


404 


317 


.990 


.0 


- .18 


- .20 


- .20 


- .28 


2.46 p.m... 


272 


142 


404 


317 


.990 


.0 


- .18 


- .20 


- .20 


- .26 


3 p. ra 


272 


140 


404 


316 


.990 


.0 


- ."18 


- .20 


- .20 


- .28 


3.15 p.m... 


275 


140 


406 


318 


.990 


.0 


- .16 


- .20 


- .20 


- .26 


3.30 p.m... 


273 


160 


404 


317 


.990 


.0 


- .16 


- .20 


- .20 


- .24 


3.46 p.m... 


272 


150 


404 


321 


.993 


.0 


- .18 


- .20 


- .20 


- .24 


4 p. m 


274 


130 


404 


324 


.995 


.0 


- .18 


- .20 


- .20 


- .26 


4.15 p. m... 


272 


136 


403 


324 


.995 


.0 


- .20 


- .22 


- .22 


- .28 


4.30 p.m... 


272 


135 


403 


326 


.996 


~ .02 


- .20 


- .22 


- .22 


- .30 


4.45 p.m... 


274 


135 


404 


330 


.998 


- .02 


- .22 


.25 


- .25 


- .30 


5 p. m 


274 


130 


403 


324 


.995 


- .02 


- .20 


- .26 


- .26 


- .28 


Average ... 


272.8 


137 






.990 


- .0008 


- .177 


-•" 


- .20 


— .24 









State of weather, squally. 
Barometer at noon. 29.70 inches. 
Kind of fuel, Pocahontas coal, run of mine. 
Wood burned in starting fires, d40 pounds. 
Coal burned in starting flres. 2,000 pounds. 
CocQ burned during test, 8,633 pounds. 
Ashes before beginning of test, 175 pounds. 
Ashes during test, 226 pounds. 



No. 



COAL TESTS. 

4. — Te9t of Ho?ien8tein waier'tabe marine boiler, May 29, 1901, 
[Eight hours' duration with natural draft, using coal as a fuel.] 



28 





1 

1 
1 

■s 

i. 

Ina. 

s 
s 





+i 






~ri 

-X-J 








-ri 

I 




+i 







Temperature. 




Flue gases. 




Water. 


Time. 


c 

« 

3 


op 

60 


"m" 

"'64"' 

■■S-- 



""66" 

'■76"" 
""66"" 
""68"" 


s 

< 

°F. 
93 
95 
102 
104 
104 
107 
108 
111 
111 
109 
111 
100 
114 
115 
113 
112 
113 
112 
112 
111 
113 
117 
122 
124 
125 
126 
127 
129 
126 
125 
124 
124 
125 


■i 

1 

6 

op 


CO,. 


0. 


CO. 


1 

i 

"3 
t' 


i 

I 


Total weight fed. 


9a.m 


P.ct. 


P.ct. 


p.ct. 


Lbs. 


Lb9. 


Lbt. 


9.15 a.m.. 






1 


1 


9.30 a, m 


610 


13 


4 


1.5 


14.1 




9.45 a. m.. 






10 a. m . . . 
10 15 a. ni 


605 


11.2 


5.1 


1.7 


15.4 


10,570 


10,570 


10.30 a.m. 


610 


12.3 


4.7 


1.6 


14.8 




10.45 a. m. 







lla.m ... 
11.15 a.m. 


610 


11.5 


6 


1.4 


16.3 


10,252 1 20,822 


11 30 a. m 


660 


11.2 


5.1 


1.4 


15.6 






11.45 a.m. 


....... 




12m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2p.m 

2.15 p.m.. 
2.30 p.m.. 
2,45 p.m.. 

3p.m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p.m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p.m..... 


660 


9.5 


5.2 


2.8 


14.9 


10, 320 


31,142 


665 


11.4 


3.7 


2.6 


13.5 










655 


10.1 


7.4 


1.2 


18.5 1 9,994 
1 


41,136 


670 


10.9 


4.5 


2.8 


14.1 






735 


9.4 


5.3 


2.5. 


15.5 


9,653 


50,789 


665 


10.4 


4 


3.1 


13.7 










660 


11.6 


4.9 


2 


14.9 


9,122 


59,911 


665 


10.7 


3.7 


3.3 


13.2 










845 


11.4 


4.4 


2 


14.5 


8,846 


68,757 


850 


11.7 


3.5 


3 


13.1 


i 




640 


1 






9,192 


77,949 










A ven^f^ , . 




64.4 


114 


675 


11.08 


4.75 


2.19 


14.8 


9,744 











Refuse, Including sweopiaes fionr tabes and baffles, 549 pounds. 

Percent of molstnrein cow bv chemical analysis, 0.79. 

Averaire interval between firings, six and a half minutes. Average interval between rakings, 
eight mantes. Average thickness of Are. 6 Inches. The draft was checked by means of a damper in 
the smokepipe, so as to keep the rate of combustion at about 1,100 pounds of coal per hour. Aven«e 
smoke by Blngelmaim charts, 2.2. Ajt 1. 40 o'clock two bricks came down from combustion-chamber 
bAffle. 
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NAVAL ''LIQUID FUEL'' BEPORT. 



No. 5. — Te^ of Holienstein waler-tuhe marine boiler ^ June 5, 1901, 
[Six houn' duration with forced draft, using coal as a fuel.] 





i 

I 

a 
1 


1 

1 


Calorimeter. 


Air preflBureH in inches of wa 

1 

I i'l 1 

1 1 £ 5 


ter. 


Time. 


1 

1 

X 


Lower temperature 


, Quality of 8team. 


M 

o 

1 




IM. 


^F, 


or. 


o/: 














9.30 a. m . . 


275 


130 


400 


304 


0.984 


1 


0.95 


0.80 


0.60 


-0.4 


9.45 a. m . . 


270 


125 


401 


304 


.984 


1 


1 


.85 


.60 


- .4 


10 a. m ... . 


275 


125 


402 


307 


.985 


i.a5 


1 


.85 


.60 


- .45 


10.15 a. m . 


275 


i:w 


402 


309 


.987 


1.10 


i.a5 


.85 


.60 


- .45 


10.30 a. in . 


275 


130 


402 


308 


.986 


1.05 


1 


.85 


.60 


- .4 


10.45 a. rn . 


275 


i:w 


402 


309 


.987 


1 


.95 


.85 


.60 


- .4 


11 a. m 


275 


132 


400 


309 


.986 


1 


.95 


.80 


.60 


- .4 


11.15 a. m ., 


272 


128 


401 


310 


.987 


1 


.95 


.70 


.55 


- .4 


11.;^ a. in .' 


273 


130 


402 


310 


.988 


1 


.95 


.75 


.60 


- .4 


11.45 a. m . 


273 


120 


402 


310 


.988 


1 


.95 


.75 


.60 


- .4 


12 ni 


273 


130 


402 


312 


.989 


1.10 


1.05 


.70 


.60 


- .4 


12.15 p. m.. 


275 


130 


402 


311 


.988 


1.10 


i.a5 


.75 


.60 


- .4 


12.30 p. ni ." 


275 


130 


401 


312 


.988 


1.10 


1.05 


.85 


.65 


.4 


12.45 p. m . 


275 


128 


402 


313 


.989 


1.10 


1.05 


.80 


.65 


- .4 


1 p. m 


275 


130 


401 


314 


.990 


1.10 


1.05 


.85 


.(>5 


- .4 


1.15 p. m.. 


275 


132 


402 


314 


.990 


1.10 


i.a5 


.85 


.(io 


- .4 


1.30 p. m.., 


275 


128 


402 


313 


.989 


1.10 


1.05 


.80 


.65 


.4 


1.45 p. m ..| 


275 


i:w 


402 


316 


.981 


1.10 


1.05 


.80 


.65 


- .4 


2p. in i 


275 


130 


401 


317 


.992 


1.10 


1.05 


.85 


.70 


— .4 


2. 15 p. m . . 


275 


130 


401 


317 


.992 


1.10 


i.a5 . 


.80 


.65 


.4 


2.30 p. m .. 


273 


132 


401 


311 


.987 


1.10 


1.05 


.75 


.65 


.4 


2.45 p. m..l 


273 


126 


402 


314 


.990 


1.10 


i.a5 


.80 


.65 


- .4 


3 p. m 


275 


128 


403 


316 


.990 


1.10 


i.a5 


.80 


.65 


.4 


3. 15 p. m..j 


272 


126 


404 


317 


.990 


1.10 


1.05 


.80 


.65 


.4 


8.30 p. m .. 


272 


132 


401 


318 


.992 


1 


.95 


.75 


.60 


.4 


Averaj^e .... 


274 


126.6 






.988 


1.064 


1.016 


.80 


.624 


- .404 









State of weather, bright and Hunshiny. 
Barometer at noon, 30.08 inches. 
Revolutions of blower, 243 per minute. 
Kind of fuel, PocahontaM coal, run of mine. 
Wood burned in starting flres, 360 pound5i. 
Coal burned in siarting fires. 2.200 pounds. 
Coal burned during test, 10,695 pounds. 



COAL TESTS. 
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No. 5. — Test of Hohenstein water-tube marine boiler, June 5, 1901. 
[Six hours' duration with forced draft, using coal as a fuel.] 





1 

1 


Temperature. 




Flue 


gaiies. 




Water. 


Time. 


i 

» 
1 

80 

82 



84 





85 


86 



86 

\ 

86 


c 

< 


M 

1 

1 


CDs. 


0. 


1 
CO. i 

1 


S 

I 

"3 


u 

S. 
1 


i 

t 
1 


9.30 a. m .. 


Ins. 


-1 





4-1 





-r i 

+ i 


4-i 

-^1 

-rl 
+ i 

4-i 







°F. 
118 
125 
130 
133 
135 
137 
138 
139 
139 
139 
143 
141 
140 
142 
141 
141 
143 
142 
144 
147 
146 
145 
146 
146 
148 


^F. 


P.ct. 


P.ct. 


P.ct. 


Lb9. 


Lbs. 


Lb». 


9.45 a. m . . 


- 


1 





10 a. m 


730 12.2 4.4 


1.6 


14.5 






10.15 a, m . 






10.30 a. m . 
10.45 a. m . 


660 


10 1 5. 7 

1 


2 


16.1 


15,200 


15,200 


11 a. m 


690 


11.1 ' 4.3 


2.1 i 


14.4 






11.15 a. m . 






11.30 a. m . 
11.45 a. m . 


675 


9. 7 5. 2 


2.3 


15.4 


15, 041 


30,241 


12 m 


675 


11 4.3 


2 


14.5 






12.15 p. in . 
12.30 p. m . 
12.45 p. m . 

Ip. m 

1.15 p. m .. 
1.30 p. m . . 
1.45 p. m . . 

2p. m 

2.15 p. m .. 
2.30 p. m . . 
2.45 p. m -. 

3 p. m 

3.15 p. m.. 
3.45 p. m .. 






740 


12. 2 4. 8 


1.4 


15 


16, 505 


46, 746 


700 


10. 7 4. 8 


2.2 , 

1 


14.9 










700 


10 6.6 


1.8 1 


17.1 


14,914 


61,660 


. 670 ! 9. 8 4. 9 

I 


1 

2.7 


14.8 










1 

670 9. 4 : 5. 7 


2.3 

1 


16 


15, 270 


76,930 


745 ' 11.2 1 4.3 
). 


2.1 


14.4 










528 


6. 9 ! 5. 4 


3.9' 


15.2 


15,534 


92,464 


Average . . . 


1 84.1 


139.6 


681 


10.35 


5.03 


2.2 


15.2 


15,411 





Ashes before beflrinninff test. 200 pounds. 
Ashes during test, 1,088 pounds. 

Refuse, including sweepings from tubes and baffles, 539 pounds. 
Per cent of moisture in coal, by chemical analysis, 0.79. 

Fired and raked alternately at Intervals averaging 8 minutes for each. Average smoke by Ringel- 
mann charts, 2.2. 
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NAVAL ''LIQUID FUEL" REPORT. 



No. 6. — Te^i of Hohenttein water-tube marine boiler ^ June Sy 1901. 
[Three and one-half honra* duration with forced draft, using coal an a fuel.] 





i 

i 

a. 


Temperature of feed water. 


Calorimeter. 


Air prewunw in incheN of water. 


Time. 


t 

i 
% 


Lower temperature. 


Quality of steam. 


s 


< 


6 
1 


1 

1 

1 


M 




Lbs. 


o/l 


T. 


^t\ 










9.30 a.m... 


275 


112 


398 


296 


0.980 


2 


1.95 


1.50 


1.35 


-0.30 


9.45 a.m... 


273 


118 


398 


310 


.988 


2 


1.90 


1.50 


1.35 


- .30 


10a.m 


270 


118 


398 


'311 


.989 


2 


1.95 


1.55 


1.40 


- .30 


10.15 a.m.. 


272 


112 


399 


309 


.988 


2 


1.90 


1.55 


1.40 


- .25 


10.30 a.m.. 


272 


110 


399 


310 


.988 


2 


1.95 


1.60 


1.45 


- .20 


10.45 a.m.. 


270 


112 


399 


309 


.988 


*> 


1.95 


1.60 


1.45 


- .20 


lla.m .... 


270 


110 


399 


306 


.985 


2.1 


2 


1.65 


1.45 


- .25 


11.15 a.m.. 


272 


108 


400 


306 


.986 


2.1 


2 


1.70 


1.50 


- .15 


11.30 a.m.. 


270 


110 


399 


321 


.995 


2.2 


2.15 


1.70 


1.50 


-.10 


11.45 a.m.. 


272 


112 


400 


324 


.996 


2 


2.05 


1.60 


1.40 


-.15 


12m 


275 


120 


400 


319 


.993 


1.95 


1.90 


1.45 


1.30 


- .20 


12.15 p.m.. 


273 


130 


400 


317 


.992 


2 


1.95 


1.50 


1.40 


- .30 


12.30 p.m.. 


272 


im 


400 


324 


.996 


2 


1.95 


1.45 


1.40 


- .30 


12.45 p.m.. 


272 


130 


401 


329 


OOQ 


2 


1.95 


1.50 


1.45 


- .30 


Ip. m 






399 


328 


.998 





























Average . . . 


272 


116.5 






.990 


2.025 


1.968 


1.56 


1.41 


— .235 









State of weather, bright and sunshiny. 

Barometer at noon, 29.S6 inches. 

Revolutions of blower, 875 per minute. 

Kind of fuel, Pocahontas coal, run of mine. 

Coal burned during test, 8,736-275=8,461 pounds. 

Ashes during test, 591 pounds. 



COAL TESTS, 
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No. 6. — Test of Ilohenstein water-tube marine hoUer, June 8^ 1901. 
[Three and one-half hours' daration with forced draft, usIdk coal as a fuel.] 





i 


Temperature. 




Flue 


gases. 




Water. 


lime. 


1 
1 
1 

1 
Im, 


1 


c 

u 

< 


M 


CO*. 


0. 
p.ct. 


CO. 


1 

a 
I 


1 

1 


i 

1 




Of'. 


° F. 


o^ 


P.ct. 


P.ct 


IM. 


IA>8. 


/iw. 


9.30 a. ra. . 


o o o o o 


70 
76 


106 
116 
120 
120 
124 
















9.45 a. m 






l""-"i 






10 a. m 


840 


13 





2.2 








10.15 a. ra.. 








10.30 a.m.. 


930 


10.5 


3.9 




1.9 


14.3 


17,641 


17,641 


10.45 a. in.. 








76 


124 
124 
128 
131 
















lla.m 


800 


11.8 


4.9 


1.3 


15.3 


. . 




11.15 a.m.. 






11.30 a.m.. 


1,450 


17.8 


.7 


•1 


12 


17,521 


35, 162 


11.45 a. m 




4- i 





132 
133 
134 
















12 m 


1,240 


16.7 


1.7 


.2 


12.6 




— 




12.15 p.m.. 
12.30 p.m.. 




' 





77 


137 


1,060 


16.6 


2.4 


.1 


13.2 


16,648 


51,810 


12.45 p.m.. 







140 
















1 p. m 







141 


1,560 


10 


8.8 


' .7 


20.6 


8,729 


60, 539 


Average ... 




^ 74. 75 


127.3 


1,125.7 


13.77 


3.73 


.928 


14.66 


17,297 
























' 







_ 



Refuse, including sweeplngf) from tubes and baffles, 626 pounds. 

Per cent of moisture in coal by chemical analysis, 0.79. 

Fired and raked alternately at intervals averaging 6 minutes for each. Average smoke by Ringel- 
mann charts, 3.4. Almost continual flaming in stack. Base of stack occasionally red hot. Test 
stopped prematurely at 1 o'clock on account of roof taking fire. The fires were about 2 inches thicker 
at end of trial than at beginning, ( '" - - . 



, corresponding to a difiference of about 275 pounds of coal. 



32196—04 3 
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KAVAL "LIQUID FUEL BKPOBT. 



No. 7. — Test of Hohemtein tDcUer-tube marine hoUer, October *i, 1901. 
[Eight honn* duiatfon with natural draft, using coal m a fuel.] 









Calorimeter. 


Air prewurea In Inches of water. 




i 


1 








i 1 






Time. 


& 


1 

! 


t 


i 
t 







' is 

1 


1 


1 




a 




^ 


"B. 


S 1 




"3 




OD 


j_ 


li 1 


1 


Ash 

1 

Furr 
Com 


^ 

& 


1 




Lb». 


<'F. 


<>F. ^F. 






\ 


8.30 a.m... 






404 ' 306 
404 , 307 


0.984 
.985 






8.45 a, m... 


"275" 


"m" 


—0.05 —0.10 -0.07 


"^'\h"-^'60 


9a. in 


276 


124 


404 307 


.985 


— . 05 — . 10 — . 06 


— .20 — .60 


9.15 a.m... 


275 


124 


404 309 


.986 


— .05 — .10 — .06 


— .20 — .60 


9.30 a.m... 


275 


128 


404 309 


.986 


- .05 — .10 — .06 


__ . 20 — . 50 


9.45 a.m... 


275 


124 


404 309 


.986 


— .05 — .10 — .06 


— .20 - .50 


10a.m 


275 


126 


404 • 309 


.986 


— .05 — .10 — .06 


— . 20 — . 50 


10.15 a.m.. 


276 


128- 


404 ' 309 


.986 


— .05 — .12 — .08 


— . 22 — . 50 


10.30 a.m.. 


275 


130 


404 310 


.986 


— .a") — .14 — .08 


— . 22 — . 50 


10.45 a.m.. 


275 


128 


404 310 


.986 


— .06 — .16 — .10 


— . 24 — . 50 


11a.m.... 


275 


128 


404 


310 


.986 


— .05 — .16 — .10 


- . 24 — . 50 


11.15 a.m.. 


276 


126 


404 


310 


.986 


— .a5 — .16 — .10 


— . 24 — . 50 


11.30 a. in.. 


276 


126 


404 


310 


.986 


— . 05 — . 16 ' — . 08 


— . 22 — . 50 


11.45 a.m.. 


275 


134 


404 


310 


.986 


— .05 — .16 — .12 


— . 24 — . 50 


12m 


275 


134 


404 


310 


.986 


— . 05 — . 18 


— . 12 


— . 22 — . 50 


12.15 p. m . 


275 


128 


403 


310 


.987 


— . 05 — . 18 


— . 12 


— . 22 — . 50 


12.30 p. m . 


275 


130 


404 


310 


.986 


— .05 — .18 


— . 14 


— . 22 — . 50 


12.46 p. m . 


275 


130 


404 


310 


.986 


— . 05 — . 18 


— . 14 


— . 22 — . 50 


1 p. m 


276 


130 


404 


312 


.987 


— .00 — .18 


— . 14 


— . 22 - .50 


1.15 p. m .. 


275 


132 


404 


311 


.987 


— . 05 — . 20 


— . 14 


— . 22 — . 50 


1.30 p.m.. 


275 


134 


404 


312 


.987 


— . 05 — . 20 


— . 14 


— . 22 — . 50 


1.45 p. m . . 


275 


132 


404 


311 


.987 


— .05 — .18 


— . 14 


— . 22 — . 50 


2 p. m 


275 


130 


404 


310 


.986 


— . 05 — . 20 


— . 14 


— . 22 — . 50 


2.15 p. m .. 


275 


134 


402 


311 


.988 


— .05 — .18 


— . 14 


— .22 — .50 


2.30 p. m .. 


275 


134 


404 


311 


.987 


— .a5 — .18 


— . 15 


— . 22 — . 50 


2.45 p. m .. 


275 


136 


404 


310 


.986 


— . 05 — . 18 


— . 15 


— .22 — .50 


3 p. in 


275 


138 


404 


310 


.986 


— .Oo — .16 


— . 15 


— . 22 — . 50 


3.15 p. m .. 


275 


140 


404 


310 


.986 


— . 05 — . 16 


— .15 


— . 22 — . 50 


3.30 p. m-. 


275 


140 


404 


310 


.986 


— . 05 — . 16 — . 15 


— . 22 - . 50 


3.45 p. m . . 


275 


140 


404 


311 


.987 


— . 05 — . 16 - — . 15 


— . 22 — . 50 


4 p. m 

4.15 p. m -. 


275 


142 


404 


311 


.987 


— . 05 — . 16 1 — . 15 


— . 22 — . 50 


275 


140 


404 


312 


.988 


— . 05 — . 14 1 — . 14 


— . 20 — . 50 


4.30 p. m.. 


275 


142 


404 


312 


.988 


— . 05 — . 14 j — . 14 


— . 20 ,— . 50 


Average . . . 


275 


131.8 






.986 


— .05j — .155' — .116 


— . 216'— . 50 



State of weather, clear. 

Barometer at noon, 80.84 inches. 

Kind of fuel, New River coal, run of mine. 

Wood burned in starting fires, 960 pounds. 

Coal burned in starting fires, 2,000 pounds. 

^shes before beginning test, 198 pounds. 

Ashes during test, 486 pounds. 



OOAL TBST9. 
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No. 7. — Test of Hohenstein waJterAube marine boiler, October SI, 1901, 
[Eight hours' duration with natural draft, using coal as a fuel.] 





^ ' Temperature. 


Flue gases. 


1 




Time. 


Height of water in gauge 
Outside air. 


1 

is 

•< 


1 

1 

o 

^ F. 


8 


d 


8 


1 


s 
1 


1 Int. 1 °F. 

8.30a.m... 2J 

8.45a.m... 2J i 60 

9a. m 1 2J i 

9.15a.m... 2 1 


° F, 

110 
117 
117 
121 
126 
130 
137 
137 
138 
140 
143 
141 
144 
148 


P. rf. 


P.cL 


P.ct. Lbs. 


Lbs. 1 Lbs. 


540 


9.7 1 6.2 


1.1 1 17.5 


1 


1 


555 


10 1 5.8 


i.i 17 


1 


9.30a.m...' 2 


1,300 9,534 


9.45a.m...t 2 ! 66 


535 


10.1 1 5.6 
1 


2 1 15.9 




10 a. m .... 


2 1 

i' ;::;::: 

2\ ' 68 

2 1 

2 1 

2i 

2 ' 72 




10.15 a.m.. 


570 


9. 6 1 5. 7 


2. i ie. 2 




10.30 a. m. . 


1,175 


9,554 


10.45 a.m.. 


575 


10 ' 6.5 


i.i 1 i7.7 


11 a. m . 






11.15 a.m.. 




560 


10 ,5.7 


i.8 i6.2 






11.30 a.m.. 


1,125 


9,693 


11.45 a.m.. 


581 


10.2 ' 6.2 

1 


1. 6 16. 8 


12m 2 1 1 14.<i 










12.15 p. m . 2J 1 

12.30p. m ., 2i 1 

12.45 p. m . 2J 74 

lp.m 2} 1 

1.15 p. m .. 2J 1 


148 
148 
147 
144 
148 


560 


9.2 


7.4 

...... 


1.2 


19.1 






1,100 


9,058 


584 


9.2 


6.8 


1.7 


17.8 










550 1 9. 2 

1 


6.8 


1.8 


17.7 






1.30p. m.. 2i ,. ' 144 


1,100 


8,660 


1.45 p.m.. 2i 76 

2p. m 2i 1 

2.15 p. m.. 2J 1 

2.30 p. m .. 2J , 

2.45 p.m..' 2i 1 76 

3p. m 1 2} ! 

3.15 p. m ..1 2} 1 

3.30p. m.. 2i 

3.45 p.m..' 2} 78 

4p. m 1 2J 1 

4.15 p.m.. 3 

4.30 p.m.. 3 ' 


150 
143 
150 
158 
162 
164 
160 
159 
162 
160 
156 
155 


560 


9.1 


7. 7 


1 


19.7 






560 


8.7 


6.8 


2.3 


17.5 






1,000 


8,381 


570 


8.5 


6.1 


1.6 


17.6 






565 


8 


6.4 


1.8 


18 








650 


7,217 


570 


8. 8 6. 7 


1.2 


18.5 






565 8 ! 7.3 


.9 


20.4 










605 


6,475 


Average . . . 














1 7Ul 144 


562^ 


9.26 


6.48 


1.52 


17. 7 1, 007 


8,558 



Refuse, including sweepings from tubes and baffles, 661 pounds. 

Per cent of moisture in coal by weighing and drying samples, 3.14. 

Average interval between firings, 6 minutes. Raked and sliced alternately between firings. 
Thiclcness of fire during first four hours, 6 inches; for next two hours, 9 inches; then allowed to bum 
down to original thickness. Average smoke by Ringelmann charts, 2. 

Total weight of coal fired, 8,066pounds. 

Total weight of water fed, 68,672 pounds. 
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NAVAL "LIQUID FUEL ' BEPOBT. 



No. 8. — Ted of Hohenstein water-tuhe marine boiler, Octolter 2S, 1901. 
[Six hourB* duration with forced draft, uning coal a.s a fuel.] 





i 

's 

5c 


1 

1 

i 

i 


Ca 

i 

i 

u 

& 

JZ 

X 
° F. 


ilorimeter. 

r 

3 a 

'^ 1 

1 1 


g 

X 
E 

S 


Air pressure in 

i i 

1 


inches of wate 

1 i 


r. 


Time. 


1 




Lbs. 


° F. 










9 a. m 
























9.15 a. m .. 


275 


128 


403 


292 


0.976 


1 


0.95 


0.80 


0.70 


0.45 


-0.50 


9.30 a. m .. 


275 


130 


402 


292 


.977 


1.05 


.95 


.78 


.70 


.50 


- .47 


9.45 a. m .. 


275 


120 


402 


295 


.979 


1.05 




.70 


.f>5 


.45 


- .45 


10 a. m 


275 


120 


402 


292 


.977 


1.05 




.75 


.70 


.48 


- .42 


10.15 a. m . 


275 


118 


402 


292 


.977 


i.a5 




.75 


.70 


.45 


- .45 


10.30 a. m . 


275 


119 


402 


293 


.977 


1.05 




.75 


.68 ; 


.45 


- .43 


10.45 a. m . 


275 


124 


402 


292 


.977 


1.05 




.80 


.70i 


.50 


- .45 


1 1 a. ni 


275 


120 


402 


293 


.977 


1.08 




.75 


.7o; 


.50 


- .45 


11.15 a. m . 


276 


129 


402 


296 


.979 


1.08 




.80 


.70 ; 


.50 


- .43 


11.30 a. m . 


275 


122 


402 


292 


.977 


1.08 




.80 


.70 


.50 


.45 


11.45 a. m . 


275 


126 


402 


2m 


.976 


1.05 




.80 


.70 


.50 


.45 


12 m 


275 


128 


402 


290 


.976 


1.08 


1 


.82 


.75 


.55 


.42 


12.15 p. m . 


275 


126 


402 


292 


.977 


1.10 




.85 


.72 


.55 


- .45 


12.30 p. m . 


275 


122 


402 


292 


.977 


1.10 




, 85 


.72 


.55 


-.48 


12.45 p. ni . 


275 


128 


402 


291 


.976 


1.10 




.85 


.76 


.58 


- .45 


1 p. in 


275 


126 


401 


289 


.976 


1.10 




.8,5 


.75 


. 55 


.50 


1.15 p. 111.. 


275 


124 


402 


290 


. 976 


1.08 




.85 


. 75 


.55 


.50 


1.30 p. m .. 


275 


122 


402 


289 


.975 


1.08 




.85 


.75 


.55 


- .50 


1.45 p. m ,. 


275 


126 


402 


289 


.975 


1.08 




.85 


.75 


. 55 


- .48 


2p.m 


275 


132 


402 


291 


.976 


1.05 




.85 


.75 


.55 


- .48 


2. 15 p. in.. 


275 


136 


402 


288 


.975 


1.08 




.85 


.75 


.55 


- .48 


2.30 p. m .. 


275 


132 


402 


288 


.975 


1.08 




.85 


• '^•^ 


.55 


- .48 


2.45 p. m . . 


275 


130 


402 


288 


.975 


1.10 


1.05 


.85 


. 75 


.50 


- .48 


3 p. m 


275 


138 


402 


288 


.975 


1.10 


1.05 


.85 


. 75 


.50 


- .48 


Average . . . 


275 


126.1 






.976 


1.07 


^ 


.813 


.722 


.515 


— .464 


1 







State of weather, cloudy. 

Barometer at noon, 29.96 inches. 

Kind of fuel. New River coal, run of mine. 

Wood burned in Rt-arting fires, aw pounds. 

Coal burne<l in starting fires, 1,910 pounds. 

Ashes before beginning test. 161 pounds. 

Ashes during test, 365 pounds. 



COAt TEST8. 
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No. 8. — Test of Hohenstein vxiter-iube marine boiler, October 2S, 1901, 
[Six hours' duration with forced draft, using coal as a fuel.] 



Time. 



Temperature. 



I I 

I ! I 



ill 

S I -^^ 



9 a. m 

9.15 a.m.. 
9.30 a.m.. 
9.45 a.m.. 

10 a. m ... 
10.15 a.m. 
10.30 a.m. 
10.45 a.m. 

11 a. m ... 
11.15 a. m. 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 I), m 

2.15 p.m.. 
2.30 p.m.. 
2.45 1), m.. 

3 p. m 

Average .. 



Ins. I <> F. 



I 
2i ^ 

2i I 70 

2i 

2i 

2i 

2} 

2i 

2i 

2i 

3 

21 

2i 

n 

3 

3 

3 

2J 

2i 

3 

4 

3 

2i 

2J 

2i 

2i 



° F. 



124 



124 . 678 
128 ! 



76 ' 125 I 667 

! 127 i 

128 660 

130 ' 

76 129 I 660 

128 I 

I 128 j 680 

, 124 

76 127 

' 131 

I 131 

, 126 



635 
620 



Flue gases. 



° F. 

106 ' 

Ill I 630 

114 I , 

116 I 637 

I 118 j 

72 I 118 j 670 

123 ' 

120 I 630 

123 I |... 

6 I 128 , 680 I 9 



COj. 



O. 



CO. 



I 

I 



13 



Per ct. I Per ct. 
8. 6 7. 3 
8.9 7 



Per ct. I Lbi. 






5 

o 

I 
1 



Lbs. I Um. 



1.5 I 19 



9 



2.1 I 17.8 



2,000 ' 13,996 



6.5 I 1.5 17.8 



I 



2.9 , 17.6 



! I 1,800 

6.3 ' 1.9 ! 17.2 



14,508 



8.6 I 7.2 ; 1.1 I 19.5 

I 



9.5 
9.5 
10 
9 



6. 7 ! 1.6 17.7 



1,800 



14,344 



6.6 I 1.3 I 17.9 1. 



T 



. 1,600 I 14,194 



6.6 ' 1.1 17.8 . 



74.34 123.5 654 



, I ' j :. 

i 7.2 j 1.6 I 18.5 I I 

I 1 1,400 I 13,459 



9. 1 ' 8. 3 j . 6 21 
' t 



1 



7.5 I 6.6 ! 1.9 I 18.5 i I 

' I I [ 1,098 I 10,246 



8. 871 6. 941 1. 59 18. 4 i 1, 616 i 13, 458 

I I 



Refuse, including sweepings from tubes and baffles, 628 pounds. 
Per cent of moisture In coal by weighing and drying sample, 3.14. 

Average interval between firings, six minutes. Raked and sliced alternately between firings. 
Occasional flames in stack. Average smoke by Ringelmann charts, 2. 
Total weight of coal fired, 9.698 pounds. 
Total weight of water fed, 80,747 pounds. 
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NAVAL ''LIQUID PUBL" BBPOBT. 



No. 9. — TeM of Hohenstein waUV'tube marine hoUer^ October 26 y 1901, 
[Pour hours' duration with forced draft, using cool as a fuel.] 





4 


1 


Calofiiuet^r. 


























t 


i 




















Time, 


t 
^ 

" 


1 
o 

1 


1 
1 

EC 


1 

If 

0. 


i 


J 


t 


i 


1 


1 


1 




i 

U)9. 


I 


2 


i 


^ 


i 


_r. 


1 


I 


1 




°F. 


°F. 


°F. 








12.45 p. m. 
1 p. m 


275 

275 


112 


396 
397 


290 
292 


0.978 
.979 














2.10 


2 


1.40 


1.25 


1.05 


-0.90 


1.15 p. m.. 


275 


110 


397 


294 


.980 


2.10 


2 


1.45 


1.25 


1.05 


- .95 


1.30 p. m.. 


275 


110 


397 


292 


.979 


2.10 


2 


1.45 


1.25 


1.10 


- .95 


1.45 p. in.. 


275 


112 


397 


297 


.982 


2.10 


2 


1.45 


1.30 


1.15 


-1 


2p. m 


275 


112 


397 


294 


.980 


2.10 


2 


1.45 


1.30 


1.15 


- .95 


2.15 p. m.. 


275 


116 


397 


296 


.981 


2.10 


2 


1.45 


1.30 


1.10 


— 1 


2.30 p. m.. 


275 


112 


397 


294 


.980 


2.10 


2 


1.45 


1.25 


1.10 


— 1 


2.45 p. m.. 


275 


112 


397 


296 


.981 


2.10 


^ 


1.45 


1.25 


1.10 


—1 


3p. m 


275 


112 


397 


293 


.979 


2.10 


2 


1.45 


1.25 


1.10 


—1 


3.15 p. m.. 


275 


112 


397 


292 


.979 


2.10 


2 


1.40 


1.20 


1.06 


-1 


3.30 p. m.. 


276 


112 


397 


294 


.980 


2.10 


2 


1.40 


1.20 


1.06 


-1 


3.45 p. m.. 


275 


110 


397 


293 


.979 


2.10 


2 


1.40 


1.20 


1.05 


—1 


4p. m 


275 


110 


397 


292 


.979 


2.10 


2 


1.40 


1.22 


1.05 


—1 


4.15 p. m.. 


275 


112 


397 


292 


.978 


2.10 


2 


1.40 


1.22 


1.05 


—1 


4.30 p. m.. 


275 


112 


397 


291 


.978 


2.10 


2 


1.40 


1.25 


1.10 


—1 


4.45 p. m.. 


275 


112 


397 


294 


.980 


2.10 


2 


1.40 


1.25 


1.10 


-1 


Average . . . 


275 


111. 75 






.980 


2.10 


2 


1.43 


1.25 


1.08 


— .98 









State of weather, smoky. 

Barometer at noon, 30.25 Inches. 

Kind of fuel. New River coal— run of mine. 

Wood burned in starting fires, 361 poundH. 

Coal burned in starting fires, 2,200 pounds. 



COAL TB8T8. 
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No. 9. — Test of Hohenstein toater-tube marine hoUer, October ^6, 1901. 
[Four hours' duration with forced draft, using coal as a fuel.] 





i 

a 
t 

1 


Outside air. 


mperature. 




Flue 


gases. 




o 

I 
1 

1 




Time. 


c 

< 


1 

1 


CO,. 


0. 


CO. 


1 
1 

i 

•3 


I 

t 

1 


12.45 p.m.. 


In». 
2i 
2 
2 
4 
2} 
2i 
2 

:' 

2i 

2i 

2i 
2i 
3 
3i 

2J 
2i 


68 
68 
68 
68 


OR 
102 
102 
102 
104 
104 
105 
108 
110 
108 
110 
108 
109 
109 
108 
108 
107 
106 


° F. 


P.ct. 


P. a. 


P.ct. 


Lb». 


Lbs. 


Lbs. 


1 p. m 

1.15 p. m .- 
1.30 p. m.. 
1.45 p. m.. 

2p.m 

2.15 p. m.- 
2.30 p. ni.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p. m.. 
3.45 p. m.. 

4 p. m 

4.15 p. m .. 
4.30 p.m.. 
4.45 p. m . . 


685 


7.5 


6.3 


2.4 


17.1 










713 


8.3 


6.7 


1.5 


18.1 


1 


2,450 


18, 147 


750 


10 


5.9 


1.9 


16.4 






650 


9.6 


6.4 


1.4 


17.5 






2,350 


18,662 


732 


9.2 


6.5 


1.7 


17.5 






605 


9.4 


6.3 


2 


16.9 






2,300 


18,196 


725 


9.8 


6.8 


1 


18.2 








640 


10 


6 


1.4 


16.9 






1,900 


16,639 


1 








Avpragft . . 




68 


106.5 


687.5 


9,2 


6.4 


1.7 


17,3 


2,250 


17,911 







Aiihes before beginning test, 152 pounds. 
Ashes during test, 391 pounds. 

Refuse, including sweepings from tubes and baffles, 782 pounds. 
Per cent of moisture in coal by weighing and drying sample. 3.14. 

Average interval between firings, 6 minutes. Kakcd and sliced alternately between firings. Fre- 
quent fires in stack. Average smoke by Ringelmann charts, \. 
Total pounds of coal fired, 9,000. 
Total pounds of water fed, 71,644. 
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NAVAL "LIQUID FUEL BEPOBT. 



No. 10. — Test of Hohengtein water-tube marine boiler ^ November 6, 1901. 
[Eight hours' duration with natural draft.] 





, 


u 


Calorimeter. 


Air premures In inches of water. 












' 






t 


i 

•5 

1 

1 


i 


g 




1 


1 ■ 




Time. 




1 

I 


s 


1 


"S. 1 


i '1 

1 ' 1 


1 
1 




Lbn. 


"^ F. 


OF. 


O J. 






' 




8.45 a.m... 


275 


120 


402 


302 


0.983 


— 0. 05 —0. 10 —0. 10 —0. 10 


—0.50 


9a. m 


275 


124 


402 


306 


.985 


— . a5 ,— . 10 — . 12 — . 19 


— .50 


9.15 a. m... 


275 


120 


402 


314 


.990 


— .a5 !— .10 — .12 — .10 


— .50 


9.30 a. m . . 


275 


126 


402 


316 


.991 


— .05 ;— .10 — .12 — .15 


— .50 


9.45 a. m .. 


275 


126 


402 


311 


.988 


— . a'S 1— . 12 — . 12 — . 20 


— .50 


10 a. m 


275 


119 


402 


326 


.997 


— .a5 1- .14 


— .12 — .20 


- .50 


10.15 a. m . 


275 


127 


402 


326 


.997 


— .06 — .20 


— . 14 — . 20 


— .50 


10.30 a. ra . 


275 


120 


404 


330 


.998 


— . 05 — . 20 


— .15 — .20 


— .50 


10.45 a. m . 


275 


129 


402 


313 


.989 


— .a5 — .17 


— . 15 — . 20 


— .50 


11a. m.... 


275 


119 


402 


312 


.989 


— .05 — .18 — .15 — .20 


— .50 


11.15 a. m . 


275 


124 


402 


310 


.987 


— .05 — .15 — .15 


— .20 


— .50 


11.30 a. m . 


275 


126 


402 


312 


.988 


— .05 — .20 '- .15 


— .20 


— .50 


11.45 a. in . 


275 


124 


402 


310 


.987 


— .05 — .18 — .15 


- .20 


— .50 


12 m 


275 


126 


402 


310 


.987 


— . a5 — . 18 — . 15 


— .20 


— .50 


12.15 p.m. 


275 


130 


402 


308 


.986 


— .05 :— .15 — .15 


— .20 


— .50 


12.30 p. m. 


275 


126 


402 


312 


.988 


— .05 — .20 — .15 I— .20 


— .50 


12.45 p. m . 


275 


130 


403 


309 


.986 


— .05 — .20 — .15 — .20 


— .50 


1 p. m 


275 


130 


406 


311 


.986 


— . 05 — . 20 — . 15 — . 20 


— .50 


1.15 p. m .. 


275 


124 


403 


314 


.989 


— .05 — .18 ,— .16 — .20 


— .50 


1.30 p. m .. 


275 


126 


402 


313 


.989 


— .05 - .15 - .16 


- .20 


— .50 


1.45 p. m .. 


275 


130 


403 


310 


.987 


— .05 — .15 — .15 


— .20 


— .50 


2p. m 


275 


126 


402 


311 


.988 


— .a5 — .14 — .15 


— .20 


— .50 


2.15 p. m .. 


275 


140 


402 


310 


.987 


— .05 ,— .14 ;— .15 — .20 


— .50 


2.30 p. m -. 


275 


120 


402 


309 


.987 


— . 05 — . 14 — . 15 - . 20 


— .50 


2.45 p. m.. 


275 


130 


403 


309 


.986 


— .a5 '— .14 — .14 — .20 


— .50 


3 p. m 


275 


130 


402 


310 


.987 


— .a5 I— .15 j— .14 ,— .20 


— .50 


3.15 p. m.. 


275 


122 


402 


310 


.987 


— . 05 — . 15 — . 15 ,— . 20 


— .50 


3.30 p. m .. 


275 


134 


402 


310 


.987 


— .05 — .15 — .15 


— .20 


— .50 


8.45 p. m.. 


275 


126 


402 


310 


.987 


— .05 — .15 — .15 


— .20 


- .50 


4 p. m 


275 


124 


402 


311 


.988 


— .05 — .15 — .15 


— .20 


— .50 


4.15 p. m .. 


275 


125 


402 


310 


.987 


— .05 — .12 1— .15 


— .20 


— .50 


4.30 p. m .. 


275 


129 


402 


308 


.986 


— .05 — .12 ;— .12 


— .20 


— .50 


4.45 p. m . . 


275 


124 


402 


310 


.987 


— .05 — .12 — .12 


— .20 


— .50 


Average . . . 


275 


125.94 






.988 


— . 05 — . 15 — - 14 — . 19 


.— .50 


' 













8tate of weather, clear and humid. 

Barometer at noon, 30.20 inches. 

Kind of fuel, Pocahontas coal, hand pieke<l and 8(;reened. 

Wood burned in starting fires, 350 pounds. 

Coal burned in stalling fires, 2,792 pounds. 

Ashes before beginning test, 225 pounds. 



GOAL TESTS. 
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No. 10. — Test of Hohenstein vxUer-tube marine boiler ^ November 6, 1901. 
[Eight hours' daration with natural draft.] 



Time. 



8.45 a. m . . 

9 a. m 

9.15 a. m .. 
9.30 a. m .. 
9.45 a. m .. 

10 a. m 

10.15 a. m . 
10.30 a, ni . 
10.45 a. m . 

11 a. Ill 

11.15 a. m . 
11.30 a. m . 
11.45 a. m . 

12 m 

12. 15 p. m. 
12.30 p. m . 
12.45 p. m . 

1 p. m 

1.15 p. m .. 
1.30 p. m . . 
1.45 p. m -. 

2 p. m 

2.15 p. m .. 
2.30 p. in.. 
2.45 p. m . . 

3 p. m 

3.15 p. m .. 
3.30 p. m.. 
3.45 p. m . . 

4 p. m 

4.15 p. m .. 
4.30 p. m.. 
4.45 p. m . - 



Average . 



i 



X 



I 



/9U. 

2 

2! 

2j 
2- 

3 
2i 

2\ 



2 

2i 

2i 

2i 

2i 

2i 

2i 

2J 

i! 

2i 
21 

2i 
2i 

2t 
2i 
2i 
2i 

i! 

2i 
21 
21 



Temperature. 






o p ' 

62' 



66 



62 



I 60 



63 



I 63 



64 



63 



I 61 



Ill 
110 
118 
120 
118 
120 
122 
124 
128 
129 
124 
125 
126 
124 
126 
127 
124 
121 
126 
124 
127 
127 
12^) 
131 
132 
126 
130 
130 
130 
134 
134 
132 
130 



I "> F. 

I 525 



580 



590 



600 
560' 



i 635 



I 575 
I '680 



.1 62.71 125 



i 



495 

sio' 



495 



Flue gases. 



I 



Perct. ' Lbs. 
11.1 I 14.7 



9.5 I 14.5 
'9.'9"l"i5""' 



10 1 15.3 

'9.'5' 'is.'e' 



540 I 
566" "I" 



9. 6 16. 1 
'S.'s" "i6,'3" 



9 16.7 
'8.'9" 'i5.*2' 



10.2 , 15.2 

496'T"7."6* 'ie.'e' 

. . i . 



7.1 ! 18.5 
"7.'6'j"i6."i' 



Coal. 






lJb». Lbs. 



1,582 



988 



1,060 



1,114 



888 



890 



527 ! 

I 



8.8 j 15.4 
"6."3'i'i6.*8" 



838 



500 
526' 



8.8 I 15.5 
'8."4' "lb. 6 



548. 4 



8.89 



15.8 



939 



1,037 



1,582 



Water. 



I 



Lbs. 



% 



Lbs. 



9,251 I 9,251 



-I- 



2,570 I 9,843 I 19,094 



3, 630 I 9, 518 28, 612 



4, 744 I 8, 931 I 37, 543 



5, 632 



8,961 



46, 504 



6, 522 7, 906 I 54, 410 



7, 360 I 7, 984 62, 394 



8, 299 I 7, 754 70, 148 



8,769 



Ashes during test, 214 pounds. 

Refuse, including sweepings from tubes and baffles, 526 pounds. 

Per cent of moisture in coal by weighing and drying sample. 2.04. 

Fired every 6 minutes. Raked after each second firing. Sliced at intervals of about 20 minutes, 
8.45 to 10.45, thick fires and frequent flames in stack. 10.45 to end of test, thin fires and little or no 
flaming in stack. One calorimeter out of order. Smoke by Rlngelmann charts, 1. 

Total weight of coal burned. 8,299 pounds. 

Total weight of water fed, 70,148 pounds. 
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NAVAL ''LIQUID FUBL ' BKFOST. 



No. 11. — Ted of Hohenstein waier^ube marine boiler, November 9, 1901, 
[Eiffht houzs' duration with natuml draft.] 





J 


1 


Calorimeter. 


Air prearoresv in Inches of water. 




















Time. 


e 

1 


1 

1 


t 
1 

1 


1 


"3 




£ 


i 
1 

1 


1 
1 


M 

1 

1 




jjb»: 


<>F. 


o^ 


o^ 














8.45 a.m... 


Tib 


122 


402 


300 


0.981 


-0.05 


-0.08 


-0.08 


-0.10 


-0.50 


9b. m 


275 


106 


403 


302 


.982 


- .05 


- .08 


- .08 


- .10 


- .65 


9.15 a.m... 


275 


124 


403 


304 


.983 


- .05 


- .08 


- .08 


- .10 


- .55 


9.30 a.m... 


275 


120 


403 


305 


.984 


- .05 


- .08 


- .08 


- .10 


- .56 


9.45 a.m... 


275 


128 


403 


306 


.984 


- .05 


- .08 


- .08 


- .10 


- .56 


10a. m 


275 


127 


403 


307 


.985 


- .05 


- .08 


- .08 


- .10 


- .55 


10. 15 a. m,. 


275 


124 


404 


308 


.985 


- .05 


- .08 


- .08 


- .10 


- .55 


10.30 a.m.. 


275 


118 


403 


310 


.986} 


- .05 


- .08 


- .08 


.10 


- .55 


10.45 a.m.. 


275 


130 


403 


311 


.987 


- .05 


- .08 


- .08 


- .10 


- .55 


11a. m 


275 


123 


404 


312 


.987} 


- .05 


- .08 


- .08 


- .10 


- .55 


11.15a.m.. 


275 


125 


404 


312 


.987} 


- .05 


- .10 


- .10 


- .12 


- .56 


11.30 a.m.. 


275 


123 


403 


312 


.988 


- .05 


- .10 


- .10 


- .12 


- .55 


11.45 a.m.. 


275 


125 


403 


312 


.987} 


- .05 


~ .10 


- .10 


- .12 


- .55 


12m 


275 


120 


403 


312 


.988 


- .05 


-.10 


- .10 


- .12 


- .55 


12. 15 p. m . 


275 


126 


403 


312 


.987} 


- .05 


.10 


- .10 


- .12 


- .55 


12. 30 p. m . 


275 


112 


403 


313 


.988 


- .05 


- .10 


- .10 


- .12 


-- .56 


12. 45 p. m . 


275 


126 


402 


313 


.989 


- .05 


- .10 


- .10 


- .12 


- .55 


1 p. m 


275 


113 


402 


314 


.989} 


- .05 


- .10 


~ .10 


- .12 


- .56 


1. 15 p. m .. 


275 


124 


403 


313 


.987} 


- .05 


- .10 


- .10 


- .12 


- .56 


1.30 p.m.. 


275 


118 


403 


314 


.989 


- .05 


- .10 


-- .10 


- .12 


.65 


1. 45 p. m . . 


275 


132 


403 


314 


.989 


- .a*) 


- .10 


- .10 


- .12 


- .56 


2p.m 


275 


120 


403 


314 


.989 


- .a*) 


- .10 


- .10 


- .12 


- .55 


2.15 p.m.. 


275 


130 


404 


314 


.988} 


- .05 


- .10 


- .10 


- .12 


- .55 


2.30 p.m.. 


275 


122 


403 


314 


.989 


- .05 


- .10 


- .10 


- .12 


- .55 


2.45 p.m.. 


275 


128 


403 


314 


.989 


- .05 


- .10 


- .10 


- .12 


- .65 


3 p. m 


275 


117 


403 


314 


.989 


- .05 


- .10 


- ,10 


- .12 


- .65 


3. 15 p. m . . 


275 


122 


403 


314 


.989 


- .05 


- .10 


- .10 


- .12 


- .65 


3. 30 p. m . . 


275 


122 


404 


314 


.988 


- .a5 


- .10 


- .10 


- .12 


- .55 


3. 45 p. m . . 


275 


122 


404 


314 


.988 


~ .02 


- .10 


- .10 


- .12 


- .55 


4 p. m 


275 


118 


404 


314 


.988 


- .02 


- .10 


- .10 


- .12 


- .55 


4. 15 p. m . . 


275 


123 


404 


314 


.988 


- .02 


- .10 


- .10 


- .12 


- .56 


4.30 p.m.. 


275 


123 


403 


314 


.989 


- .02 


- .10 


- .10 


- .12 


- .65 


4. 45 p. m . . 


275 


124 


404 


316 


.990 


- .02 


- .10 


~ .10 


- .12 


- .55 


Average . . . 


275 


122.3 






.987 


- .045 


- .094 


- .094 


- .114 


— .648 









State of weather, cloudy, occafdonal sun. 

Barometer at noon, 90.18 inches. 

Kind of fuel, Pocahontas coal, hand picked and screened. 

Wood burned In starting fires. 860 pounds. 

Coal burned in starting fires, 1,485 pounds. 



OOAL TSSTS. 
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No. 11. — Test of Hohenstein waUr-iuhe marine boiler, November 9, 1901, 
[Sight hours' duration with natural draft.] 





1 

Q 

1 

1 


Temperature. 


Flue gaases. 


Coal. 


Water. 


Time. 


1 
1 


c 

< 


1 


i 


1 

i. 


1 

I 
I 


t 

j 


I 

I 


i 


8.45 a.m... 


2J 

2 

2 

2} 

2} 

21 
2| 
2} 
2f 
2\ 
2i 
2i 
2} 

3 

11 
2i 
2} 
2} 
2} 
2i 
2i 

2} 
2f 
2i 
2i 

^ 

2\ 
2i 


° F. 
44 

"52" 

"52"" 


'"55"" 

"59"' 

'"57"' 

■57"" 

""eo" 
"eo"" 


op 

92 
88 
88 
94 
98 
107 
108 
120 
120 
130 
126 
122 
126 
129 
128 
132 
138 
136 
135 
128 
142 
140 
138 

i:^6 

132 
132 
138 
136 
136 
139 
137 
142 
144 


0^. 


Perct, 


Lbs. 


Um. 


Xb8. 


Lbs. 


Lbs. 


9a.m 


512 


9.4 


15.1 




1 




9.15 a.m... 








9.30 a.m... 


515 


7.6 


15.6 




i 




9.45 a.m... 


938 


938 


8,455 


8,455 


10a.m 


612 


5.3 


16.9 


10.15a.m.. 




1 




10.30 a.m.. 


485 


6.2 


16.3 




1 




10.45 a.m.. 


937 


1,875 


7,067 


15, 522 


lla.m 


505 


8.4 


15.9 


11.15a.m.. 


... .1 






11.30 a.m.. 


510 


6.9 


16.4 


1 






11.45 a.m.. 


937 


2,812 


7,673 


23, 195 


12m 


515 


8.8 


15.3 


12. 15 p. m . 
12.30 p.m. 
12. 45 p. m . 

1 p. m 

1. 15p. m .. 
1. 30 p. m . . 
1. 45 p. m - . 

2 p. m 

2. 15 p. m . . 
2. 30 p. m . . 
2. 45 p. m . . 

3 p. m 

3. 15 p. m . . 
3. 30 p. m . . 
3. 45 p. m . . 

4 p. m 

4. 15 p. m . . 
4. 30 p. m . . 
4. 45 p. m - . 


1 






530 


8.9 


15 


1 




1,014 


3,826 


8,768 


31,963 


560 



9.3 


14.9 












530 


7.4 


15 










968 


4,794 


8,772 


40,735 


520 


8.6 


15.8 












540 


9.4 


14.4 










940 


5,734 


8,453 


49,188 


525 


8.1 


15.3 










525 


7 


15.8 










888 


6,622 


8,079 


57,267 


523 


8 


15.3 










527 


8.6 


15.5 










814 


7,436 


8,163 


65,430 








Average 




55.1 


125.4 


521 


8 


15.15 


930 





8,179 











Ashes before beginning test, 80S pounds. 
Ashes during test, 684 pounds. 

Refuse, Including sweepings from tubes and baffles, 366 pounds. 
Per cent of moisture in coal bv weighing and drying sample, 1.16. 

Fired every 6 minutes. Raked after each second firing. Ko slicing until last two hours, then twice 
each hour. Fires thin. No flaming in stack. Very litue smoke; none except while firing. 
Total weight of coal flred, 7,4S6pounds. 
Total weight of water fed, 66,480 poiinds. 
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No. 12. — Test of Hohenttein ^voter-tube marine boiler, November JIS, 1901, 
[Six boan' duration with forced draft.] 





i 

g 


i 



S 
H 
t 

I 


Calorimeter. 


Air prewures in inches of water. 


Time. 


Higher temperature. 


1 

5 


I 
1 


Fireroom. 


! 


1 


i 
1 


1 
1 

s. 


M 

1 

1 




jy>«. 


°F. 


OF, ; OK 






9 a. ni 


275 


104 


402 j 3a3 


0. 983 


1 


0.95 


0.80 


0.75 


0.52 


-0.55 


9. 15 a. m . . 


275 


120 


402 302 


.982} 


.4 


.50 


.40 


.40 


.30 


.50 


9. 30 a. m . . 


275 


118 


402 ! 306 


.984) 




,95 


.80 


.67 


.55 


- .55 


9. 45 a. m . . 


275 


132 


402 301 


.981 J 




.a5 


.80 


.70 


.50 


- .55 


10 a. m 


275 


112 


402 


302 


.982J 




.95 


,80 


.70 


.52 


- .55 


10. 15 a. m . 


275 


131 


402 


297 


.972j 




.99 


.80 


.70 


.52 


.55 


10. 30 a. m . 


275 


124 


402 


304 


.9asj 




.99 


.85 


.70 


.52 


.55 


10.45 a.m. 


275 


113 


402 


306 


.984J 




.99 


.a5 


.70 


.52 


- .55 


11 a.m.... 


275 


126 


402 


306 


.984j 




1 


.87 


.72 


.52 


.55 


11.15 a.m. 


275 


117 


402 


306 


.984} 


1 


.99 


.80 


.72 


.52 


- .55 


11.30 a.m. 


275 


120 


402 


306 


.984) 




1 


.80 


.70 


.52 


- .55 


11.45 a.m. 


275 


117 


402 


307 


.985 






.80 


.70 


.52 


- .55 


12m 


275 


124 


402 307 


.985 






.80 


.70 


.52 


- .55 


12.15 p.m. 


275 


lOH 


402 306 


.984) 






.80 


.70 


.52 


- .55 


12.30p.m. 


275 


124 


402 ' 304 


.983) 






.80 


.70 


.52 


- .55 


12.45 p.m. 


275 


124 


402 ' :W2 


.982) 






.80 


.70 


.52 


- .55 


1 p. m 


275 


119 


402 


302 


.982) 






.80 


.70 


.52 


- .55 


1.15 p.m.. 


275 


112 


401 


306 


.985 






.80 


.70 


.52 


- .55 


1.30 p.m.. 


275 


110 


402 


306 


.984) 






.80 


.70 


.52 


- .55 


1.45 p.m.. 


275 


122 


402 


302 


.982) 






.80 


.70 


52 


- .55 


2 p. m 


275 


113 


402 


305 


.984 






.80 


.68 


.52 


- .55 


2.15 p.m.. 


275 


110 


402 


3a5 


.984 






.80 


.68 


. 52 


- .55 


2.30 p.m.. 


275 


126 


402 


302 


.982) 






.80 


,G^ 


.52 


-.55 


2.45 p.m.. 


275 


135 


402 


304 


.983) 






.80 


.68 


.52 


- .55 


3 p. m 


275 


134 


402 


303 


.983 






.80 


.68 


.52 


- .55 


Average . . . 


275 


119.7 






.983 


.99 


.97 


.79 


.69 


.51 


-.55 



State of weather, gray and overcast. 

Barometer at noon, 30.09 inches. 

Kind of fuel, Pocahontas coal, hand picked and Hcreened. 

Wood burned in starting flre«, 350 pounds. 

Coal burned in starting fires, 2,762. 



COAL TESTS. 
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No. 12. — Te^ of Hohenstein tvcUer-lube marine hoUer^ November 18, 1901. 
[Six hours' duration with forced draft.] 





i 

"Si 

1 

1 

o 

1 

K 
Ins. 

2} 
2i 

n 
n 

3 
2J 
2i 
2i 
2J 
2J 
2J 
2J 
2J 
2i 
2i 
21 
2i 
2 

li 

2i 
4i 
3i 
2} 
2 


Temperature. 


Flue 


gajies. 


Coal. 


! Water. 


Time. 


-3 

s 
o 

°F. 

50 

51 

52 

53 

53 

53 


53 




1 


8' 


if 

K 

"3 

■J 

Lbs. 


i4 

1 

hi 

1 


t 


I 


1 
1 


9 a. m 


°F. 
92 
92 
102 
1(M 
100 
98 
105 
107 
108 
109 
109 
106 
106 
109 
107 
108 
110 
108 
108 
107 
102 
106 
106 
106 
104 


°F. 


Lbs. 


Lbs. 

\ 


, IM. 


Lbs. 


9. 15 a. m . . 


502 


7.4 


14.9 


1 I 




9. 30 a. m . . 






9. 45 a. m . . 


605 


8 


14.5 


! 




10 a. m 


1, 232 


1,232 


11,100 


11,100 


10. 15 a. m . 


590 


7.2 


14.6 




10. 30 a. m . 










10. 45 a. m . 


590 


6.8 


14.9 










11 a. m 


1,383 


2,615 


10,625 


21, 725 


11. 15 a. m . 


590 


7.7 


14.4 




11.30a.ni . 











11.45 a. m . 


590 


8 


15 




I 




12m 


1,533 


4,148 


12, 054 


33, 779 


12. 15 p. m . 
12. 30 p. m . 
12. 45 p. in . 

1 p. m 

1. 15 p. m .. 
1.30 p.m.. 
1. 45 p. m . . 

2p.m 

2. 15 p. m . . 
2. 30 p. m . . 
2. 45 p. m . . 
3 p. m 


580 


6.4 


13.9 




1 




570 


6.1 


14.1 




1 




1,580 


5, 728 


13,397 


47, 176 


590 


8.2 


14.5 












565 


6.1 


...... 

16 3 


....... 











1,430 


7,158 


12,701 


59, 877 


600 


7.4 


14.8 










575 


6.5 


14.4 











1,230 


8,388 


10,396 


70, 273 








Average 




52 


105 


580 


,.,. 


14.7 


1,398 




11, 712 









Ashes before beginning test. .'S26 pounds. 
Ashes during test, 837 pounds. 

Refuse, including sweepings from tubes and baffles, 562 pounds. 
Per cent of moisture in coal by weighing and drying sample, 1.69. 

Fired every 7 minutes. Raked after each second firing. No slicing. Verv little smoke. No flam- 
ing In stack. 9.15 a. m., temporary loss of air pressure due to window blowing out of flreroom. 
Total weight of coal fired. 8.388 pounds. 
Total weight of water fed, 70,273 pounds. 
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NAVAL "liquid FUEL" BEPOBT. 



No. 13. — Tea of Iloherutein xDoUr-lube marine boiler , November 27^ 1901. 
[Four houra' duration with forced draft.] 



Time. 



1.15 p. m., 
1.30 p. m.. 
1.45 p. m., 

2 p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p. ni.. 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 p. m.. 

5 p. m 

5.15 p. m.. 

Average . . 



^ 

e 



Lbs. 

275, 

275 

275 

275 I 

275 i 

275 j 

275 I 

275 

275 

275 

275 

275 

275 

275 

275 

275 

275 



i 



100 

no 

96 
82 
90 
88 
90 
90 
88 
92 
88 
90 
94 
88 
88 
90 
90 



Calorimeter. 



I 



X 

°F. 
401 
401 
401 
401 
401 
401 
401 
401 
402 
401 
401 
401 
401 
402 
402 
401 
401 



s 
3 



295 
297 
296 
296 
293 
294 
294 
296 



Air preosurea in inches of water. 



* I 



I 









° F. 

296 0.979 
296 .979 



.979 
.980 I 
.979 
.979 
.977 I 
. 978 I 
.978 
.979 1 



296 .979 

296 .980 

291 . 977 

293 . 977 
291 I .976 

295 .979 

295 . 979 



2.1 

2.1 I 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 

2.1 ' 

2.1 I 

2.1 

2.1 ; 

2.1 

2.1 

2.1 

2.1 

2.1 



1. 

1. 
2 ' 1. 
2 1. 
2 , 1. 
2 . 1. 



a 

o 



l. 



' 275 I 91.4 



.979 



I 



2.1 2 ; 1.58 1.18 



State of weather, thin clouds. 

Barometer at noon, 90.23 inches. 

Kind of fuel, Pocahontas coal, hand picked and screened. 

Wood burned In starting fires, 310 pounds. 

Coal burned in starting fires, 2,762 pounds. 

Ashes before beginnlpg test, 267 pounds. 



0.90 —0.60 
.90 — . 75 
.90 — . 75 
.90 — .80 
.90 — .80 
. 90 _ . 75 
.85 — , 75 
. 80 — . 75 
.85 — . 80 
.80 — . 75 



.80 
.82 
.90 
.90 



.76 
.80 
.80 
.80 



.85 — . 80 
. 85 — . 80 
,80 — . 80 



. 86 i— . 767 



GOAL TESTS. 
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No. 13. — Test of Hohen^n ivater-iube marine boiler, November 97, 1901. 
[Four houT8' duration with forced draft.] 





1 

a 

u 

1 

1 


Tempeistare. 


Flue gases. 


Coal. 


Water. 


Time, 


-a 

1 
O 


c 

< 


M 

1 

1 

15 


CO,. 


i 

I 




1 

1 

> 


1 


i 

f 
1 


1.15 p. m .- 
1.30 p. m .. 
1.45 p. m .- 

2 p. m 

2.15 p. m .. 
2.30 p. m.. 
2.45 p. m .. 

3 p. m 

3.15 p. m.. 
3.30 p. m . . 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p. m .. 
4.45 p. m - - 

5 D. m 


Int. 

n 
n 

A 

2\ 

2t 

3 

2| 

2i 

2i 

2i 

2i 

2i 

li 

3} 

2 


40 
41 
40 
40 
40 


OF. 
80 
83 
85 
86 
86 
87 
87 
86 
90 
88 
88 
90 
88 
86 
86 
84 
84 


«>f. 


P.ct. 


IMS. 


Ijbs. 


1 1 
Lbs. Lbs. IA>s. 

1 


700 


9 


13.5 




1 






i 




705 


9 


14.4 




1 


2,663 


2,663 21,133 


21,133 


685 


7.7 


13.8 








■| 


680 


7.4 


13.8 




1 


2,911 


5,574 1 22,436 1 43,569 


740 


9.4 


13.4 


1 1 


745 


9.3 


12.8 






i 


2,662 


8,236 


22,090 


65,659 


700 


8.1 


13.2 






1 


780 


9.2 


13.3 




1 


5.15 p.m..! 2J 




2,458 


10, 694 20, 535 86, 194 


A veTagp . , . 


' 













40.2 


86 


717 


8.64 


13.5 


2,674 


^ 21.549 1 











Aahes during test, 460 pounds. 

Refuse, including sweepings from tubes and baffles, 986 pounds. 

Per cent of moisture in coal, by weighing and drying sample. 1. 

Fired every 5 minutes. Raked after each second Hring. No fires in stack. Very little smoke. 
Average by Ringelmann charts, i. Boiler ca-sinf red hot in places opposite the combustion chamber. 
The uptake is about 50 per cent larger than In all previous tests. 

Total weight of coal iired, 10,694 pounds. 

Total weight of water fed, 86,194 pounds. 
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NAVAL ''liquid FUEL" REPORT. 

No. 14. — Test of Hohengtein vater-tube marine hnier, December 16, 1901. 
[Six houra' duration with forced draft.] 





i 

1 g 
. 1 

1 "^ 


t 
1 

i 1 


Calorimc 


ter. 

1 


p. 


Air prewmrefl : 

1 
k.' 

r 1 

£ • 5 


n inches of water 

: 1 
1 
1 

1 1 

1 : 1 

H j ^ 




Time. 


1 

g 

kl 

X 


i 

1 
f 

5 






' IJbB. 


^F, 


° F. 


° F. 












" 




10.30 a.m.. 


275 


124 


400 


295 


0.979 




0.70 


0.40 


0.10 


—0.20 


— 0. 50 


10.45 a. m.. 


275 


104 


400 


292 


.977 




.60 


.40 


.10 


^ .20 


— .50 


11a. m 


275 


104 


400 


290 


.976 




.55 


.35 


.08 


-.20 


— .5,5 


n.l5a.m.. 


275 


100 


400 


294 


.979 




.70 


.40 


.06 


— .20 


— .CO 


11.30 a.m..- 


275 


95 


401 


295 


.979 




.70 


.IVy 


.10 


— .20 


— .&) 


11.45 a. m.. 


275 


100 


401 


293 


.978 




.60 


.30 


.08 


-.20 


- .60 


12m 


275 


102 


401 


293 


.978 




.:i5 


.30 


.02 


— .20 


— .60 


12.15 p. m. 


275 


104 


401 292 


.977 




.50 


.30 


.03 


— .20 


- .60 


12.30 p. m. 


275 


110 


402 299 


.981 




.40 


.25 


.03 


— .20 


— . 60 


12.45 p. m. 


275 


ia5 


402 2^)8 


.980 




.(i5 


.30 


.06 


— .20 


— .CO 


1 p. m 


275 


110 


401 292 


.977 




.55 


.30 


.06 


-.20 


— .GO 


1.15 p. m.. 


275 


112 


401 300 


.982 




.50 


.25 


.05 


-.20 


— .60 


1.30 p. m.. 


275 


105 


401 298 


.981 




.55 


.25- 


.03 


— .20 


— .m 


1.45 p. m.. 


275 


10(J 


402 :^ 


.981 




.55 


.25 


.08 


— .20 


— .60 


2 p. m 


275 


102 


402 304 


.984 


1 


.55 


,30 


.08 


-.20 


— .60 


2.15 p. m.. 


275 


104 


402 297 


.980 




.55 


.28 


.a5 


— .20 


— .60 


2.30 p. m.. 


275 


100 


402 296 


.979 




.65 


.32 


.08 


-.20 


— .60 


2.45 p. m.. 


275 


102 


402 295 


.979 


^ 


.55 


.40 


.08 


-.20 


— .60 


3 p. m 


275 


108 


402 296 


.979 


J 


.55 


.32 


.05 


— .20 


— .60 


3.15 p. m.. 


275 


104 


402 296 


.979 




.55 


.32 


.05 


— .20 


— .60 


3.30 p. m.. 


275 


102 


402 ' 295 


.979 




.55 


.35 


.05 


— .20 


— .60 


3.45 p. m.. 


275 


107 


402 298 


.980 




.60 


.35 


.05 


— .20 


— .60 


4 p. m 


275 


102 


402 294 


.978 


1 


.60 


.a5 


.a5 


— .20 


- .60 


4.15 p. m.. 


275 


107 


402 294 


.978 




.55 


.30 


.03 


— .20 


— .60 


4.30 p. m.. 


275 


96 


402 294 


.978 


1 


.60 


.35 


.06 


- .20 ; 


— .60 


Average . . . 


275 


104.6 




.980 




.57 


.32 


.06 


— .20 


— .5*) 









suite of weather, smoky, with thin clouds. 

Barometer at noon, 30.13 inches. 

Revolutions of blower, 243 per minute. 

Kind of fuel, Pocahontas coal, hand-picked and screened. 

W(X)d burned in starting fires, 3.t0 pounds. 

Coal burned in starting fires, 3,250 y>ounds. 

Ashes before beginning test, 271 pounds. 

Ashes during test, 714 pounds. 

Refuse, including sweepings from tubes and baffles, 923 pounds. 

Per cent of moisture in coal, by chemical analysis, 0.73. 



COAL TBST8. 
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No. 14. — Test of IlmveiiAem vater-tuhe marine boiler ^ December 16 ^ 1901, 
[Six hours' duration with forced draft.] 



Time. 



10.30 a.m. 
10.45 a.m. 
11 a. m... 
11.15 a.m. 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m 

1.15 p. m. 
1.30 p. m. 
1.45 p. m. 

2 p. m 

2.15 p. m. 
2.30 p. in. 
2.45 p. m. 

3 p. m 

3.15 p. m. 
3.30 p. m. 
3.45 p. m. 

4 p. m 

4.15 p. m. 
4.30 p. m. 

Average . . 



1 I 



I I 
i ' 



Temperature. 



Int. 
4 
3 
2 
2i 
3 
21 
2J 
2i 
2i 
3i 
2i 
3i 
2i 
3i 
2i 
2} 
2} 
2i 
2i 
2 
2i 
2 
3 
2J 
4 



^r. 



29 



32 



33 



34 



33 



33 



32 



I I 






Coal. 



Water. 



6 
I 



I 



5 



74 
70 
70 
70 



° F. Percent. I Lbs. 



U*s. 



c 




5« 


is 


a 






5 


fe 


H 



J/t9. 



605 



7.2 



I 



725 9.4 

6 I ' ' 2,364 



I 



76 I 
76 I 
70 I 
76 
76, 

78 . 
I 

80 I 

80 

79 ! 

80 j 
80 
80 I 
76 I 

80 ; 

80 ' 

80 i 

79 j 

80 I 
79 , 



600 



2,364 . 18,756 



6.5 



695 



7.3 



740 



8.5 



910 



975 



9.2 



765 



7.8 



t 



810 



8.5 



2,270 I 9,659 



17,820 



•|" 



785 



8.5 



830 



7.8 



740 



7.7 



I 



80 I 2,033 



14,029 



32.3 1 77 



8.1 I 2,038 



18, 374 



18, 127 



JM. 



18, 756 



2, 557 I 4, 921 17, 721 ' 36, 477 



2,468 1 7,389 [ 18,055 I 54,532 



72,352 



2, 367 ' 12, 026 18, 037 I 90, 389 



108, 763 



Start delayed by the freezing of the feed pipe. Fired every 6 minutes. Raked after each firing. 
Clinker In left furnace at end of second hour. The firing was even and good, except when the fires 
were allowed to get too thick. The usual thickness wa.s 8 inches to 10 Inches, but at one time 12 
inches were carried when flames appeared in the base of the stack. The flames would last but a few 
seconds, during which the stack temperature would go up to 1050° P. Average smoke by Rlngelmann 
charts, li. The uptake area is about twice what it was in the first twelve tests. 

Total weight of coal fired, 14,029 pounds. 

Total weight of water fed, 106,763 pounds. 
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44 NAVAL *' LIQUID UTEL" REPORT. 

No. 15. — TeM of Hohenglein imter-tuhe mar'aie boiler ^ Dex^ember 18^ 190 L 
[Bight hours' duration, with natural draft.] 



Time. 



8.30 a.m.. 
8.45 a.m.. 

9 a. m 

9.15 a.m.. 
9.30 a.m.. 
9.45 a.m.. 

10 a. m ... 
10.15 a.m. 
10.30 a.m., 
10.45 a.m. 

11 a. m 

11.15 a.m. 
11.30 a.m.. 
11.45 a.m.. 

12m 

12.15 p.m.. 
12.30 p.m.. 
12.45 p.m.. 

1 p. m 

1.15 p. m... 
1.30 p.m... 
1.45 p.m... 

2 p. m 

2.15 p.m... 
2.30 p.m... 
2.45 p.m... 

3 p. m 

3.15 p.m... 
3.30 p.m.., 
3.45 p.m... 

4 p. m 

4.15^. m... 
4.30 p.m... 



Calorimeter. 






P. 



IJbti. 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 



Average . . . 275 



p. 
S 



116 

126 

122 

125 

119 

130 

121 

123 I 

117 

i:m 

128 
126 
110 
130 
119 
120 
140 
126 
130 
122 
118 
130 
122 
135 
122 
122 
126 
135 
126 
129 
125 
133 
119 



402 
404 
404 
404 
404 
403 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
402 
404 
404 
404 
404 
404 
403 
404 
404 
404 



g 

s 



' s 

' I 

CD 

o 

I I 



302 0. 
304 I . 

304 . 

303 , 

305 . 

306 ■ , 

305 . 

306 . 
306 . 
306 I . 
307 
307 
308 
306 
:W8 
308 
:S08 
308 
309 
309 
310 
309 
309 
309 
310 
306 
310 
:^09 
309 
308 
309 
306 
306 



125 



983 
983 
983 
982 
983 
984 
983 
984 
984 
984 
985 
985 
985 
984 
985 
985 
98() 
985 
986 
986 
987 
986 
986 
986 
987 
984 
986 
986 
986 
985 
986 
984 
984 



-0.20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 
.20 

- .20 

- .20 

- .20 

- .20 

- .20 
.20 
.20 

- .20 
.20 

- .20 
.20 
.20 

- .20 

- .20 

- .20 

- .20 

- .20 



preasur 


«8 in inches of water. 




1 


i 
















is 




of 




s, 




f 




% 


M 


1 


a 


1 

3 


1 








^ 


B 




9 


o 




i 




& 


I 


& 


< 


« 


0.20 


-0.25 


-0.40 


-0.50 


.20 


.25 


- .35 


- .50 


.20 


- .25 


- .35 


- .50 


.20 


.25 


- .35 


- .50 


.20 


- .25 


- .35 


- .50 


.20 


.25 


- .35 


.50 


.20 


- .25 


" .:v> 


- .50 


.20 


- .25 


- .35 


- .50 


.20 


- .25 


- .35 


- .50 


.20 


- .25 


- .37 . 


- .52 


■ .20 


.25 


- .40 


.52 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .37 


- .52 


.20 


- .25 


- .37 


- .50 


.20 


- .25 


- .37 


.50 


.20 


- .25 


- .37 


- .50 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .37 


- .50 


.20 


.25 


- .38 


- .50 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


.37 1 


- .50 


.20 


- .25 


- .37 , 


- .50 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .a=> 


- .55 


.20 


- .25 


- .40 


- .50 


.20 


- .25 


- .40 


- .55 


.20 


- . 25 , 


- .40 


- .55 


.20 


- .25 ' 


- .40 


- .55 


.20 


- . 25 ' 


- .40 


- .55 


.20 


- .25 


- .40 


- .55 


.20 


- .25 I 


- .40 


- .55 



.985 



.20 



.20 



.25 



.38 



State of weather, Bmoky, with thin clouds. 

Barometer at noon, 80.01 inches. 

Kind of fuel, Pocahontas coal, hand picked and Hcreened. 

Wood burned in starting flren, 360 pounds. 

CkMil burned in starting fires, 2,440 pounds. 

h&h&A before beginning test, 235 pounds. 
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COAL TESTS. 
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No. 15. — Tent of Hohemtein wcUer-tuhe tnarine boiler, December 18, 1901. 
[Eight hours' duration, with natural draft.] 





i i 

•5 1- 
1 1 

it 

ii 

1 

Ins. 1 

3 1 
2i 1 

1 1,1 

3 !. 
2i . 
2} 1 
3 

f\- 
?;■ 

2J 

3 . 

3 '. 

3 1 
2} - 
2} . 

%■ 

2\ . 
3 . 

1 3 1 
3 . 
3 1. 
2i'. 
3 1 


Temperature. 




Flue 


gases. 




Coal flrwl per hour. 




Time. 


'3 
1 

s 

22 
■"25" 
"25" 
*"26" 
■■26" 

"'27' 



28 

"*26" 
"26" 


't 
a 

u 

< 


\ : 

1 

°F. 


C0:». 
P.ci. 


1 

1 

1 

0. CO. 

j 


Dry air per pound carbon. 


1 

1 
1 


8.30 a.m... 


OJ, 

73 
. 74 
67 
71 
74 
77 
82 
79 
81 
82 
82 
83 
87 
88 
92 
90 
89 
86 
89 
89 
90 
92 
95 
99 
102 
99 
96 
96" 
97 
92 
95 
90 
92 


P.ct. P.rf. JJbs. 


Lbf. 


IJ>(f. 


8.45 a.m... 
9a.m 


525 , 


5.8 


1 
1 1 







9.15 a.m... 


570 
i 


7.2 








9.30 a.m... 


1 


i,o;w 


10,466 


9.45 a.m... 


565 1 


X2 




10a. m 


1 . 1 






10.15 a.m.. 
10.30 a.m.. 


570 j 


7.5 


::;::::::::::::::::i 


"i,'i34' 




*i6,"436 


10.45 a.m.. 


555 1 


7 


1 1 


lla.m 


1 






11.15 a.m.. 


555 1 

"555' 

1 


6.6 

"as" 








11.30 a.m.. 
11.45 a.m.. 


............ ....... 


1,186 


9,908 


12m 


■ '"I 






12.15 p.m.. 
12.30 p.m.. 
12.45 p.m.. 

1 p. m 

1.15 p.m... 


565 


8.5 


11.5 27.1 


"'i,"i83" 


"i6,"683 


570 1 


8.1 


10. 9 27. 1 


595 1 


9.4 


10. 4 .2 23. 9 






1.30 p.m... 
1.45 p.m... 






1,183 


10,525 


565 1 


8.2 


10.6 


.1 26. 2 ' 


2 p. m 

2.15 p.m... 
2.30 p.m... 
2.45 p.m... 

3 p, m 

3.15 p.m... 






585 1 
'"580", 


8.4 
' '8."9" 


11.4 

ii.i 


6 1 27.3 
".'2"i"25'5" 


"'i;i84* 


"i6,"i56 


1 i 







585 1 
""585", 


7.3 
'"8."5" 


12.9 1 6 : 32 I 
'ii.*2"|'""."2*.'"26.'3'| 






3.30 p.m... 
3.45 p.m... 
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:::::::: 




570 1 

i 


7.2 


12.8 1 .1 31.7 


""i,"i94" 
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Average . . . 




26 


87 


568 i 


7.9 


11.4 


.9 


27.5 1 


1,148 


10, 127 



Ashes during test, 702 pounds. 

Refuse, including sweepings from tubes and baffies, 576 pounds. 

Per cent of moisture In coal, by chemical analysis, 0.73. 

Fired every 10 minutes. Raked after each firing. Practically no smoke. 

Total weigiit of coal fired, 9,181 pounds. 

Total weight of water fed, 81,018 pounds. 
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No. 16. — Tetl of HohensUhi vyUer-tube marine boiler, December 21, 1901, 
[Four hours' duration with forced draft.] 
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1.55 


1.1 
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-0.50 
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2 


1.60 


1 


.30 


- .07 


.60 
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.975 


2 


1.40 


.9 


.30 
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- .60 
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90 
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1 


.30 
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- .60 
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91 
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.9 
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- .60 
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.95 


.23 
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98 
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- .67 
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.19 
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.977 
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1.30 p. m.. 


275 


96 


402 


294 


.978 


2 


1.35 


.9 


.20 


- .10 
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1.50 


.9 
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- .65 


Average - . . 


275 


98.4 






.978 


2 


1.40 


.93 


.24 


- .07 


- .64 










State of weather, smoky, no eloudM. 

Barometer at noon, 80.28 Inehej*. 

Revolutionn of blower, 832 per minute. 

Kind of fuel, Pocahontas coal, hand picked and screened. 

Wood burned in starting flres, 4fiO pounds. 

Coal burned in starting tires. 8,130 pounds. 



COAL TESTS. 
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No. 16. — Tegt of Iloherutein nxUer-tube marine boiler j December 21, 1901. 
[Four hours' duration with forced draft.] 
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9.1 


9.4 


1.4 


21.1 


11.15 a.m.. 
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65 
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8 
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1.6 


22.6 
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...... 
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.5 
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66 
67 
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10.3 


9.2 


.2 
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2,941 


23,720 














Average ... 





22 


64 1 800 1 


8.9 


9.0 \ 


1.1 


22.3 


3,153 


23,106 



Ashes before beginning test. 105 pounds. 

Atfhes during tent, 646 pounds. 

Refuse, including 8weeping8 from tubes and baffles, 895 pounds. 

Per cent of moisture in coal by chemical analysLv, 0.73. 

Fired every 5 minutes. Raked after each firing. Occasional flames in stack. Very little smoke. 

Average by Ringelmann chart«(, 1. 

Total weight of coal fired, 12,61*2 pound^^ 

Total weight of water fed, 92,423 pounds. 
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No. 17. — TeM of HoheiuAfin water-tube marhie boiler^ January 11 ^ 190f, 
[Three hours' damtion with forred draft.] 
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280 
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90 
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.972 
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- .55 
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275 


88 






.974 
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2.16 


1.44 


.82 


.10 


- .55 































state of weather, dark, fog, and smoke. 

Barometer at noon, 29.58 inche.H. 

Revolutions of blower, 423 per minute. 

Kind of fuel, Pocahontas coal, iiaud-picked and screened. 

W(X)d burned in starting fires. 3o0 pounds. 

Coal burned in starting fires, S,noi pounds. 

Ashes before beginning test, 151 pounds. 



GOAL TESTS. 
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No. 17. — Tesi of ffoJiemtein wcUer-t'uJbe marine boiler, January 11, 190S, 
[Three hours' duration with forced draft.] 
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76 
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- - . - . 

9.5 


.3 
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1 p. m 


2 . 


34 


76 












3,561 


25,390 




i 1 \''- 




Average 




35 


76.5 


943 


9.7 


9.1 


.6 

1 


21.4 


3,621 


25, 952 




1 





Ashes during test, 254 pounds. 

Refuse, including sweepings from tubes and baffles, 1,355 pounds. 

Per cent of moisture in coal bv chemical analysis, 0.73. 

Fired every 3 minutes. Rakea after each firing. Occasional flames in stack. Practically no smoke. 

At 1 p. m. the draft pressure was increased to 4 Inches, and the intention was to run at that pres- 
sure until the supply of coal was exhausted, which would have taken about 45 minutes; but at 1.02 
p. m. the tCHt was brought to a sudden stop by the failure of the feed water. 

Total weight of coal iired, 10,862 pounds. 

Total weight of water fed, 77,857 pounds. 
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Summary of seventeen tests of Hokenstein marine water-tube boiler, burning cohL 
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8UMMABY OF COAL TESTS. 51 

Summary of seventeen testa of Hohenstein marine water-tube boiler, burning coal. 
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I 
Summary of seventeen tests of Hohenslein marine bailery December -d/, 1901 — Continued 



i ' 
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9 
10 
11 
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86.678 
79,803 
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60,539 
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Summary of senrnteen iesU of HohensUin marine boiler j December ii, 1901 — Continue^. 
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INCREASED EVAPORATIVE CAPACITY SHOULD BE DEMANDED OF WATER- 
TUBE BOILERS OF THE STRAIGHT-TUBE TYPE. 

The result of the capacity tests of the experimental boiler conclu- 
sively showed that naval administrators will be justified in prescribing 
that all straight-tube naval boilers should be required to burn at least 40 
pounds of coal per square foot of grate per hour under forced draft, 
and that in order to effect such a rate of combustion the limit of air 
pressure may be allowed to reach 2^ to 3 inches. By reason of the 
practical ability to secure increased coal combustion in marine boilers 
of the water-tube type the maximum I. H. P. now required of each 
square foot of grate surface should be increased. 

The searching power of air when under sevei'al inches water pres- 
sure was likewise conclusively shown during these experiments, for 
great difficulty was experienced in preventing leakage through the 
steel structure. These tests also showed the advisability of ascertain- 
ing whether it is possible to maintain 2 inches of forced draft pressure 
for several continuous hours in all the compartments of a battle ship 
while securing the capacity and efficiency of evaporation that should 
accompany such high air pressure. Greater air pressure has been 
carried in boiler compartments, but careful investigation shows that at 
such times the fires were so thick that the coal consumption seldom 
exceeded 40 pounds per square foot of grate. It will be found in 
practice that the limit to which the entire boiler plant of a war ship 
can be forced is quite different from results secured when the entire 
fire-room complement and all the blowers are employed in experimen- 
tal work upon a few boilers. 

THE PROBLEM OF THE WATER-TUBE BOILER. 

As the board was originally appointed to determine the value of the 
Hohenstein boiler for naval purposes, as well as to conduct experi- 
ments wherein definite data could be secured relating to the naval- 
boiler problem, special observation was made as to the endurance of 
this type of boiler when using both coal and oil. 

The boiler problem is of such importance in mantime matters that 
the solution of the fuel question is intimatly connected with the design 
of the steam generator. 

The following extract from the report of the Engineer in Chief of 
the Navy, Rear-Admiral George W. Melville, U. S. Navy, for the 
fiscal year ending June 30, 1902, so succinctly states the importance 
of the boiler problem in naval warfare that the Liquid Fuel Board 
incorporates these views as reflecting its general opinions upon the 
importance of installing an approved type of boiler that will possess 
both economical efficiency and endurance under severe forced-draft 
conditions. 
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THE PROBLEM OF THE WATER-TUBE BOILER— THE HOHEN8TEIN BOILER TRIALS. 

The present problem of the modem battle ship is not that of the gun and its 
mount, but the boiler and its installation. The gun is mounted in the most favorable 
position for care, operation, and inspection, and practically everything on board 
ship is subordinated to its efficient working. Since a large factor of safety is given 
to every part of the weapon that is subjected to shock, the gun can only be impaired 
by incompetence, neglect, or by chemical action of the explosive. Before it is 
placed in a turret or redoubt it is fully tested, but it is never put on board ship if 
there is a suspicion that it has been subject to undue strain. 

The boiler, on the other hand, is placed beneath the protective deck just above 
the bilges and near the bunkers. It is installed in compartments that are avoided 
rather than sought by other than engineer officers. While a careful test is made of 
the structure before being placed in the vessel, it must necessarily be subjected, even 
before installation, to conditions that often impair its strength. In its constniction 
many of the plates are subjected to the severest kind of flanging, and its efficient 
inspection is much more difficult than that of the gun. As there has been a pro- 
gressive demand for increased steam pressures, the factors of safety used in designing 
a marine boiler are progressively becoming smaller. The conditions under which 
the boiler is operated necessarily cause some of the parts to be subjected to rapid 
corrosion, and only incessant care and attention can prevent the disablement or 
rupture of the structure. 

The experience of the United States Navy with the boilers of the torpedo boats 
and torpedo-boat destroyers ought to afford some startling evidence as to the 
manner in which incompetent or untrained men can impair or destroy the efficiency 
of these steam generators. The agitation in Great Britain over the navy-boiler 
question ought also to convince naval administrators that the boiler problem is the 
naval problem of the hour. 

In view of the British experience with the Belleville boiler, it is not surprising 
that the general public of that Empire regard the boiler commission now in session as 
one of the most important boards appointed by the Admiralty during the past ten 
years. The membership of this board comprises distinguished experts within and 
without the naval service. This board has been in session nearly two years inves- 
tigating the question as to which type of marine boiler is most suitable for use in the 
navy as the one of approved design. The Admiralty regard the solution of this prob- 
lem as of \dtal importance to the efficiency of the British fleet. A series of evap- 
orative and endurance tests of various types of boilers have been made, and the 
more carefully the question is investigated the more important does it appear in 
relation to the operation of a modern navy. 

The work of the British boiler commission will have a very important influence 
upon naval construction, since it will cause thoughtful experts to give more attention 
to the design, construction, installation, and operation of the boiler. One must have 
experience in the operation of a modem marine boiler to appreciate the intelligence, 
skill, and care that must be devoted in keeping it in a state of efficiency. The boilers 
are the lungs of a vessel, although this fact is not generally understood. 

While the war ship may be nothing more than a gun platform, it requires consid- 
erable power to move a platfonn of 14,500 tons at a high speed in a heavy sea. This 
platform is not only expected to be maneuvered rapidly, but to steam uninterrupt- 
edly for a distance of one-fourth the way round the world. The battle-ship that can 
not make the enemy's coast the first line of defense is limited in the field of its 
usefulness, and when operating at such distance the value of the boiler factor comes 
only second to the value of the factor of the gun. 

The efficiency of the war ship of the several naval powers is simply proportionate 
to the efficiency of their boilers and the character of their personnel. Neither in 
armor, armament, or machinery is there any vital difference between the battle ships 
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of the several nations. In these respects, the last ship, wherever desired, is the 
best, for as regards draft, tonnage, thickness and extent of armor, character and dis- 
tribution of guns, and design of machinery, every nation has settled upon a type of 
vessel that meets its particular requirements, and each navy has therefore secured 
the best war ship for its particular purpose. 

The boiler problem, however, has been unsolved. Without taking into considera- 
tion the question of personnel, the value of the war ships of the different naval 
powers can be measured by the efficiency and endurance of the steam generator 
installed in the vessel. This fact may not be appreciated in its fullness at the present 
time, but the experience of the coming five years with the ships nearing completion 
will conclusively show that in coming naval conflicts the question of victory may be 
quite as much dependent upon the battle of the boilers as the contest between the 
guns. 

With a deep appreciation of the necessity of soon settling upon an approved type 
of marine boiler for the battle ships and armored cruisers of the United States Navy, 
the Bureau has invited competition among designers. It believes, however, that, 
if possible, a boiler of American design should be adopted, and that this marine 
boiler should be a development of one in general use on shore. By seeking a 
design that is familiar to thousands of firemen on shore, an important mili- 
tary advantage would be secured, since in time of emergency there could thus be 
recruited for the naval service water tenders and firemen who had operated almost 
similar steam generators, and who would therefore require but little training to 
familiarize themselves with the duty on board ship. W^hile the Navy can and ought 
to do some efficient work in training firemen, it would be very advantageous to the 
service if the enlisted force in the stokeholes could have considerable preliminary 
training with boilers of nearly like design to the one in most extensive use as the 
approved type for the Navy. 

About two years ago the Bureau was informed that an American boiler firm, 
with considerable financial backing, desired to enter the field of marine-boiler con- 
struction. In keeping with the Bureau's policy of inviting competition, encourage- 
ment was therefore given the Oil City Boiler Works to design and build a marine 
boiler and turn it over to the Bureau for test as to its evaporative efficiency and 
endurance. 

The question of entering upon the field of marine-boiler construction had been 
carefully considered by the Oil City Boiler Works. As the officials of that establish- 
ment believed that the time was not far distant when there would be a large demand 
for marine water-tube boilers, they volunteered to equip an experimental plant at 
the company's expense. The boiler was of sufficient size to thoroughly test its 
adaptability for naval purposes. There M'as therefore constnicted a steam generator 
whose limitations as to weight, height, and floor space were similar to the conditions 
prescribed for the cruiser Denvery and these conditions are in many respects the 
most severe that have been exacted by the Department. Eighteen months ago 
the experimental plant was completed, and there was placed at the disposal of 
the Bureau a boiler of the Hohenstein design. 

It was well understoo<l before the Bureau undertook to experiment with this 
boiler that the character and extent of the data to be collected were to be entirely 
determined by officials of the Government. In justice to the Oil City Boiler Works 
it should be stated that every suggestion of the Department was carried out, and 
that it was the evident purpose of the company to aa^urately ascertain the require- 
ments of the Bureau, and to discover the greatest difficulties that were likely to be 
experienced in meeting naval demands. Stated in a business way, the company 
was willing to expend from fifty to one hundred thousand dollars to ascertain 
whether or not it would be advisable to extend their plant to enter the field of 
marine-boiler construction. 
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In many respects the experimental plant was one of the most complete that has 
ever been established. The series of teste conducted will command attention in the 
engineering world, for absolute information has been obtained as to the evaporative 
eflSciency and endurance of the boiler. Information has also been secured in regard 
to the best means of baffling the gases, thus increasing the evaporative efficiency as 
well as permitting the boiler to be forced for emergency purposes. Particular care 
has also been given by the board to the investigation of the circulation of the water, 
for probably the key to the boiler problem is the question of circulation. 

While only seventeen official tests were made with coal as fuel, there were a great 
many unofficial experiments. Between the several official tests the experts of the Oil 
City Boiler Works conferred with the Bureau, and therefore each test represents 
the result of study and experiment. An examination of the data will conclusively 
show that in many respects the completeness and character of the tests have never 
been surpassed. 

The first six coal tests were run by a picked crew of firemen w*ho had experience 
in torpedo-boat work. It was believed that these men by training and experience 
were particularly well fitted to operate the boiler when under severe forced-draft 
conditions. An experience of a few weeks with this force showed that new methods 
in firing had to be employed in efficiently operating water-tube boilers, and that the 
best means of securing efficient work was to have skill and intelligence from those 
in charge of the fire room and implicit obedience upon the part of the subordinates. 
The remaining eleven tests were thus made by firemen living in the city, not one of 
of w^hom had ever before worked a boiler under forced-draft conditions. The second 
set of firemen implicitly obeyed orders, and it was therefore possible for the board 
to have its instructions carried out. A uniform pressure of steam was maintained, 
as well as a regularity in firing that was productive of good results. 

The data secured can be regarded as reliable, for checks and counterchecks M-ere 
used so that the Bureau could be placed in possession of information that could be 
relied upon as to completeness and accuracy. 

In view of the present condition of this experimental boiler after eighteen months 
of use with both coal and oil as a combustible, considering the results secured, and 
by reason of the report submitted by the board which conducted the series of tests, 
the Bureau has no hesitation in regarding the boiler as the equal in efficiency and 
endurance of any used in a foreign battle ship. 
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THE EXPERIMENTAL PLANT THOROUGHLY OVERHALXED BEFORE COM- 
MENCING LIQUID-FUEL TESTS. 

Upon the completion of the coal tests the experimental boiler and 
various auxiliaries connected with the installation were thoroughly 
overhauled, so that the plant could be put in condition for carrying on 
the extended series of liquid-fuel tests contemplated by the Bureau for 
years, and which were authorized by the naval appropriation bill 
ena<*.ted into law July 3, 1902. 

Preparatory to commencing the oil tests the boiler was opened, 
cleaned, and thoroughly examined. The baffling and lining were 
renewed where necessary. A cylindrical tank boiler for furnishing 
steam for spraying purposes was installed, as well as a new compressor 
capable of delivering air if required at a very high pressure for a 
spraying medium. An asbestos lining was put underneath the fire 
brick of the furnace floor. 

Close observation was made as to the condition of the tubes. It 
was found that none of them had buckled or sprung. There was not 
noticeable any leaks or weeping of seams, rivets, or tube ends, with 
some trifling exceptions. 

While the official coal experiments only continued for about nine 
months, the experts of the Oil City Boiler Works had been making 
preliminary tests for a considerable period previous to the commence- 
ment of the official coal experiments. The boiler had thus been sub- 
jected to continuous, varied, and at times severe strain for over a 
year in the conduct of the coal experiments. Particular care was 
taken before commencing the coal tests to note the condition of everj' 
part of the boiler liable to give trouble, so that a fair comparison of 
the effect of using coal and oil as a fuel could be made. 

GENERAL DESCRIPTION OF THE EXPERIMENTAL PLANT WHEN BURNING 

OIL FUEL. 

Fig. 4 is a ground plan of the plant. 

Fig. 5 shows the longitudinal section of the experimental boiler 
with the oil burners in place. 

The Oil City Boiler Works Company's design of burner (fig. 6) was 
used during 33 tests, the remarks of each official test showing the 
68 
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manner in which its installation was modified and changes made in 
details of construction. Six of these burners spaced 18 inches apart 
were ranged across the front of the furnace, there being a separate 
opening in the furnace walls for each burner. Provision was made 
whereby air could be admitted through the holes as well as through 
the ash pit. Considering the burners as arranged in three pairs, 
those of each pair were inclined toward each other at such an angle 
that their ttame impinged near the transverse center line of the furnace. 

The burners were so installed that any one could be quickly discon- 
nected or overhauled by the water tenders, and were placed at a height 
that would make their manipulation comparatively easy. Special pre- 
cautions were taken that all oil fuel joints were made tight and that no 
loss would result from leakage. 

The arrangements for weighing the feed water were substantially 
the same as during the coal-burning tests. The facilities for securing 
various degrees of forced draft were identical with the conditions 
existing when coal was burned in the furnaces. 

METHOD OF WEIGHING OIL USED. 

From the storage tank the oil was pumped as desired into a weigh- 
ing tank, from which it flowed by gravity into the oil-feed tank. From 
this reservoir the oil was pumped into a pipe leading to the burners, 
constancy of the pressure being secured by an air chamber and a relief 
valve. An overflow pipe led from a relief valve back to the feed tank. 
The weighing and feed tanks were fitted with gauge glasses graduated 
to 5 pounds, b}^ the aid of which the exact weight of oil was secured 
at the end of each hour, the same as with the feed water. 

The air for atomizing the oil was supplied by a Root blower driven 
by a direct connected engine. This blower delivered 8 cubic feet of 
free air per revolution, at pressures ranging from 0.78 pound to 4.68 
pounds per square inch. The air pressure was measured by a mercury 
column, the location of which was such that it gave substantially the 
same pressure as at the discharge of the blower. The temperature of 
the compressed air was taken near the same point. A Rand air com- 
pressor was also installed, thus enabling higher pressures of air to be 
used. 

The process of getting up steam in the main boiler was somewhat 
slow, as dependence had to be placed on a small auxiliary boiler for 
driving the Root blower until sufficient steam pressure could be secured 
for that purpose from the main boiler. The auxiliary boiler was only 
equal to the task of supplying the air to two burners. 
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CHARACTER OF THE OIL USED. 

While the Bureau received many offers from various sources to 
furnish oil free of cost at the welLs, careful inquiry showed that there 
was no certainty when this oil could be delivered at the experimental 
plant. Since time is a great element in the matter, the board deemed 
it necessary to use means whereby a steady supph" of oil would be 
assured and no delay ensue from a lack of liquid fuel in the stoittge 
tank. The oil was therefore secured from the Standard Oil Company. 

The oil used during most of the experiments was from the Beau- 
mont, Tex., field. It is said to have been subjected to an inexpensive 
treatment which removed the sulphur and some of the more volatile 
hydrocarbons. The board believed that it would l>e best to use an oil 
that had been thus treated until some positive information could be 
secured as to whether or not it was safe and advisable to attempt to 
use crude oil. It should also be stated that delay might have ensued 
if it had been attempted to depend upon individual shipments. The 
judgment of the Bureau in this respect was vindicated, for there were 
times during the tests when others in the city were unable to secure 
any oil at any price. 

CONDITIONS BETWEEN THE COMBUSTION CHAMBER AND SMOKESTACK. 

The temperatures in the base of the stack during the oil tests were 
remarkably free from the rapid fluctuations that chamcterized the 
-coal-burning trials. There was seldom flaming in the stack, and even 
then the fluctuations of temperature were absent. The stack temi)era- 
tiu'es were noted by a mercury-nitrogen thermometer. It was used 
without mishap throughout the series of trials. Advantage was taken 
of the constancy of the stack temperature to check the readings of a 
Brown quick-reading pyrometer. The pyrometer was afterwards used 
in the furnace and elsewhere to record temperatures that were not 
excessive. For temperatures higher than 1,000- F. a platinum- 
rhodium electric p3"rometer was used. The measurements secured 
with this instrument show a maximum furnace temperature of 2,200° 
F. for both natural and forced draft conditions. 

The draft pressures were measured at the same points as in the 
series of coal-burning tests, and the average readings are shown dia- 
gramatically in Figs. 7, 8, and 9. 

As an aid to the proper regulation of the supply of oil and air to 
the burners, a mirror was so placed that the man in charge of the fire- 
room could quickl}' note the color of the gases that issued from the 
top of the stack. The board considered it of great importance that 
those operating an oil-fuel installation should possess some device 
wherebv the condition of affairs at the top of the stack can be imme- 
diatelv ascertained. 
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After considerable stud}' and discussion it was decided that it would 
be best to ^ive each burner an excess of oil, and this would be shown 
by the smoke issuing from the stack. Then there was a gradual reduc- 
tion of the quantity of oil until just a faint trace of smoke could be 
noticed. 

During some of the experiments provision was made for introduc- 
ing extra air at the sides of the furnace. Holes were cut 8 inches by 
H inches through the side walls, on a level w^ith the furnace floor and 
close to its back wall. A flue was built of loose fire brick across the 
furnace floor, thus connecting the two openings. The roof of the flue 
had openings between the bricks, thus permitting extra air to be intro- 
duced where the combustion was most intense. This extra air supply 
was cut off during the natural draft and maximum forced-draft trials. 
The aggregate area of all openings for the admission of atmospheric 
air into the furnace is given in the detailed report of each trial. 

ENDURANCE TEST OF 116 HOURS. 

The board particularh' deemed it expedient to make an endurance 
test of the plant. (See Table 6.) A test of this nature was therefore 
conducted for a continuous period of 116 houi*s. The torpedo boat 
Gwhi was ordered from the Naval Academy, and the torpedo boat 
Rodijers from Norfolk, to assist in the experiments. The day watch 
of eight hours was conducted by a regular crew of employees of the 
Oil City Boiler Works, although all the data during this period was 
taken by observers from the di-af ting-room staff of the Bureau of Steam 
Engineering. The crew of the Gwin operated the boiler and auxilia- 
ries during half the night, the crew of the Bodgers taking the other 
night watch during the entire test. The data during the night was 
taken by the leading petty oflBcers of the two torpedo boats, the com- 
missioned and warrant officers in charge of the respective watches 
checking and verifying the data. The character of the records collected 
during the night, compared with that secured during the day, shows 
the material efficiency of the crews of the torpedo boats even as com- 
pared with the highh- trained force of draftsmen in the Bureau of 
Steam Engineering. 

The test was conducted under the general supervision of the oil-fuel 
board. The following four commissioned officers had entire charge 
of the crews and observers during successive watches: Lieut. A. M. 
Procter, United States Nav^; Lieut. G. S. Lincoln, United States 
Navy; Lieut. William K. W^hite, United States Navy; Lieut. John 
Halligan, jr., United States Navy. These officers not only supervised 
the work of the entire watch, but checked the data. 

Four warrant machinists, Messrs. Steele, Johnson, Schreiber, and 
Rowe, were detailed to assist the commissioned officers. These war- 
rant officers were placed in charge of the fireroom. 
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After a preliminary run for the purpose of training officers and 
crews in taking data and operating the plant, the test was commenced 
at noon on August 4. Experts from the Oil City Boiler Works and 
from the fuel-oil department of the Standard Oil Company were 
present during each day, and at times visited the plant at night. The 
members of the board, the commissioned officers in charge of the 
watches, the warrant machinists in the firerooms, as well as the 
enlisted force of the torpedo boats, availed themselves of the oppor- 
tunity to secure advice and assistance from these experts, who, by 
reason of their training, experience, and opportunity are and ought 
to be particularly well posted upon the subject. After the first day it 
was seldom that these experts even offered a suggestion as to operat- 
ing the burners. They declared that the commissioned officers in 
charge of the watch and the warrant machinists took such interest in 
the work and had so quickly grasped the salient points of effecting 
complete combustion of petroleum as a fuel that it was best to turn 
over the plant to the sole management of such observing and skilled 
officers. 

The oil burners used during the endurance test were so regulated that 
they consumed about 830 pounds of oil per hour. Although the data 
were only recorded at hourly intervals throughout the test, there were 
unofficial readings and checks made between the hours, thus noting 
whether uniformity was maintained in the performance of the boiler. 

At 10.40 p. m., on August 5, the transformer on the electric-light 
circuit of the plant was burned out, it having been overloaded b}" the 
extra lights installed for night work. Through the resourcefulness 
of the officers in charge of the test, this accident did not interfere 
with the endurance trial. Candles and lanterns were quickly obtained 
from the torpedo boats, so that the appliances could continue to be 
efficiently operated and the regular data secured. 

The smoke issuing from the stack was quite light and uniform in 
color. From the records of ten observations made during the day 
watches it appears that the maximum variation was from to 1 by 
Eingelmann's charts, the average color throughout the da}" being 0.4. 

Temperatures taken with a platinum-rhodium pyrometer showed 
1,980" F. near the middle of the furnace. At the receiving end of 
the combustion chamber the temperature was 1,900^ F. 

Toward the end of the test the water in the boiler became very 
muddy. It should be stated that during the entire endurance trial 
the boiler was fed with Potomac River water that had not been fil- 
tered. It might also be stated that during the past eighteen months 
the experimental boiler has been subjected to just this kind of work, 
using a quality of water which would have been rejected by many 
other boiler users. 
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The notes appended to the coal and oil tests will show in detail the treat- 
ment the boiler received. Occasionally the gauge-glass connections 
would get clogged with mud, and toward the end of the endurance 
test it was necessary to blow steam through them every half hour. 

Two pieces of carbon were removed from the vicinity of th6 sec- 
ond burner from the left; one piece on August 7 and the other on 
August 9. Each piece was about 64 cubic inches, and was caused by 
the burner being so placed as to permit the flame to impinge on the 
brickwork of the front furnace wall. 

CHEMICAL COMPOSITIOX OF THE OIL USED DURING TESTS COMPARED 
WITH THE CRUDE PRODUCT. 

The character of the oil used during the official tests can be best 
appreciated by comparing it with the average grade of the crude 
product. The changes wrought by the refining process can thus be 
clearly seen by comparing the analyses of the crude Beaumont product 
and that used in the experiments. 

Analysis of Beaumont crude oil. 

Per cent. 

Carbon (C) 84.60 

Hydrogen (H) 10.90 

Sulphur (S) 1.63 

Oxygen (O) 2.87 

The amount of sulphur in different samples of the crude Beaumont 
oil varies from 2 to 3 per cent. 

Calorific value per pound of combustible B. T. U. . 19, 060 

Specific gravity 0.924 

Flashpoint °F.. 180 

Fire point do... 200 

On distillation at atmospheric pressure to 524^ F. it was found 
that the — 

op 

First 10 per cent passed over below 428 

Second 10 per cent passed over between 428 and 485 

Third 10 per cent passed over between 485 and 524 

Fourth 10 per cent passed over between 524 and 554 

ANALYSIS OF BEAUMONT OIL USED BY LIQUID-FUEL BOABD AS DETER- 
MINED BY THE CHEMIST OF THE NAVY- YARD, NEW YORK. 

On distillation at atmospheric pressure to 680^ F. it was found that 
with the oil used during the tests — 

First 10 per cent passed over between ». 21 6 and 482 

Second 10 per cent passed over between 482 and 523 

Third 10 per cent passed over between 523 and 552 

Fourth 10 per cent passed over between 552 and 680 
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This oil showed on analysis to be composed of the following con- 
stituents: 

Per cent. 

Carbon (C) 83.26 

Hydrogten (H) 12.41 

Sulphur (S) 50 

Oxygen (0) 3.83 

The sulphur was determined by oxidation with fuming nitric acid in 
an open capsule. 

Specific gravity at 60° F 0.926 

Flashpoint ° F.. 216 

Fire point do. . . 240 

Vaporization point do. . . 142 

Loss for six hours at 212** F per cent. . 21. 65 

The calorifii^ value of the combustible, calculated on the analysis of 
the United States Chemist by Dulong's formula, viz: 

British thermal units= 14500 C+62100 (H-0 8) 
=19481. 

These analyses show that nearly all the sulphur was removed from 
the crude petroleum. 

ANALYSIS OF CALIFORNIA OIL USED BY LIQUID-FUEL BOARD AS 
DETERMINED BY CHEMIST, NAVY-YARD, NEW^ YORK. 

The sample consisted principally of high boiling hydrocarbon com- 
pound with a small amount of water, and has the ultimate composition: 

Per cent. 

Carbon 81.52 

Hydrogen 11.01 

Sulphur 55 

^'''«««'^ I 6.92 



Oxygen 

It gives the following constants: 

Calorific value by Parr's calorimeter B. T. U.. 18,667 

Specific gravity at 60° F 0.966 

Vaporization point ° F. . 230 

Flash and burning point do. . . 311 

Loss for six hours at 212° F percent.. 12.20 

ANALYSIS OF RESIDUUM MIXTURE OF CALIFORNIA AND TEXAS OILS. 

The oil used during tests Nos. 68 and 69 were the dregs of the tank, 
and consisted of a mixture of the California and Texas product. As 
it has been maintained by some experts that trouble would be encoun- 
tered in using this mixture, special observation was made as to the 
manner in which it would burn. 
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It would also be a matter of interest to consumers of oil to note 
the evaporative eflSciency of such fuel. An analysis of this mixture 
as made by the chemist of the navj'^-yard, New York, gave the fol- 
lowing results: 

Per cent. 

Carbon 84.35 

Hydrogen 11.33 

Nitrogen 60 

Sulphur m 

Oxygen 2.82 

On distillation the following percentages passed over: 

Per cent. 

Between 400° and 450° F 8 

Between 450° and 580° F 12 

Between 580° and 600° F 30 

It has the following constants: 

Calorific value by Parr's calorimeter B. T. U. . 19, 215 

Si)ecific gravity at 60° F.. 0.966 

Vaporization point ° F. . 130 

Flash point do. . . 270 

Burning point do. . . 280 

Loss for twenty-four hours at 212° F i^er cent. . 14. 90 

THE HAYES HYI)RO<?ARBON BURNER. 

The construction of this burner is shown in fig. 10 and the manner 
of its installation in fig. 11. Part of the air suppl}- is introduced at 
the sides of the furnace near the l:)ack wall. It then passes through 
heating pipes .LI to the pipe J?, the latter extending across the fur- 
nace just inside the front wall. 

The burners project diametrically through the pipe B, and it is 
contended that the hot air in this pipe will cause the oil to be com- 
pletely gasified before it escapes from the })urner orifices. There is 
no doubt but that the heating of the air is a direct benefit. Careful 
and extended experiments will have to be made to show whether this 
heating could best ])e effected as in the Howden system of forced 
draft, or by a simple arrangement of pipes which receive the direct 
heat of the furnace. The experience of simply heating the 2)ipes dur 
ing these tests would rather tend to show that this arrangement would 
not have much endurance. The edges of the holes in the pipe Ji were 
found somewhat burned upon completion of the official test. If such 
impairment could occur after the pipe had })een in actual service about 
twenty hours, it is probable that very little endurance can be expected 
of such an installation under forced-draft conditions. 

Two preliminar}' tests were made. Some representatives of the 
company owning the burner were present during these trials, and sug- 
gestions were sought from them, as the}' were supposed to have expert 
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Fig. 11.— Installation of " Hayci" burner, test No. 9. 
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knowledge of that particular appliance. At no time were they able to 
secure from the boiler an actual evaporation of 11 pounds of water. 
During the first experimental trial, on September 10, it was manifest 
that the bulk of the combustion was above the tubes and in the uptake 
and stack. In consequence of this loss of heat, and before the second 
unofficial trial was attempted, the draft opening above the tubes was 
reduced in the proportion of 16 to lOj. This caused a noticeable 
improvement. It should be stated that it required ten days for the 
company to prepare for the first preliminary trial. Their experts 
had been furnished blueprints showing in detail the character of the 
experimental plant, also the position and arrangement of the baffle 
plates in the experimental boiler. Representatives of the company 
had also been permitted to witness some of the previous tests. The 
experience with this company therefor caused the liquid-fuel board 
to require every inventor to make arrangements whereb}^ he should 
install his appliance within three days. 

Steam for the burners was supplied from an independent boiler at a 
uniform pressure of 90 pounds. During the unofficial trials the steam 
was not superheated, the inventor having previously maintained that 
he could use exhaust steam and attain the object desired. It might 
also be incidentally' stated that the claim was made, that one single 
burner would consume all the oil that would be required for even 
forced-draft purposes. 

Oil was supplied to the six burners during the unofficial tests at a 
uniform prevSsure of 80 potinds. Besides the air introduced through 
the heating tubes, some additional air was admitted through what were 
foimerly the ash-pit openings. The aggregate area of these ash-pit 
openings was about 60 square inches. 

During the official trial (test No. 9), which continued for six hours, 
the steam for the burners was superheated. There was fitted, in the 
opening above the tubes and below the steam dinim of the main boiler, 
44 feet of l^-inch pipe. This pipe was in the form of three return 
bends. Steam from the cylindrical tank boilers was led through this 
pipe and thence to the burners. 

The leading experts of the company did not attend this official trial. 
The mechanics who installed the burners, however, operated these 
appliances under the direction of the warrant machinists. The board 
was informed that it was these mechanics who operated the burners 
during an official test that had been made at an electric-light station 
in the city, where it was claimed that there had been evaporated 18 
pounds of water per pound of combustible. It is needless to sa}' that 
no such results were secured under the experimental boiler. 



74 NAVAL ''LIQUID FUEL" REPORT. 

PROGRESSIVE TESTS WITH STEAM ATOMIZIN(3 BURNERS. 

These tests were made September 19, 20, and 22. One of the spe- 
cial purposes of conducting these trials was to ascertain the exact 
amount of steam that would be required for atomizing the oil. Everj' 
possible check was used to secure trustworthy data. All during the 
trials there were searches for leaks, but none were discovered. 

To ascertain just how much steam was required for atomizing, a 
separate boiler was installed for generating steam for this purpose. 
This is a cylindrical return-tube boiler with two plain cylindrical fur- 
naces; and is piped to furnish steam for the oil burners, and has no 
other steam pipe leading from it. The opening from the safety valve 
was blanked. This boiler is fitted with two oil burners of Oil City 
Boiler Works design in each furnace, these burners using air for 
atomizing purposes. After steam was raised one burner in one furnace 
was found sufficient to keep the steam pressure uniform. 

This auxiliarj' boiler was put in thorough order at the na\\v-yard, 
New York, and carefully made tight at 100 pounds pressure. During 
the oil-burning test great care was taken to keep both the water level 
and the steam pressures in this boiler uniform. The water used was 
carefully weighed in a separate weighing apparatus, in exactly the 
same manner as the water supplied to the experimental boiler. 

The pressure for atomizing purposes on the burners of the experi- 
mental boiler, as well as the pressure at which the oil was forced to 
the burners, was increased each dsiy. It was found that the higher 
the pressure the greater the amount of water that was evaiK)rated in 
this main boiler. The efficiency was also slightly greater as higher 
pressures were used. The percentage of steam required for atomizing 
the oil, however, also slightly increased as higher pressures were used. 

During these tests deflectors were placed in the ash-pan openings, 
so as to cause the air to be drawn up near the burners, thus effecting 
combustion nearer the front of the furnace. 

The average percentage of steam required for atomizing purposes, 
as determined from the general mnge of these tests, was about 4i^ per 
cent of the entire evaporation of the main or experimental l)oiler. 

In these three tests the side burners were directed toward the center 
of the furnace more than heretofore in order to reduce the amount of 
heat absorbed by the side walls. The amount so absorbed was judged 
of by the condition of glow immediately after extinguishing the burn- 
ers. This glow of the side walls, and also of the back and bridge 
walls, generally showed a more intense combustion on the right side 
of the furnace than on the left. The fact that the steam and oil con- 
nections to the burners were also at the right side of the furnace front 
suggests the desinibilitv of proportioning the piping, both as to size 
and location, so as to get substantially equal pressure at all burners. 
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Before making further tests the front wall of the fxirnat*e was 
rebuilt with ferruled openings 8 inches in diameter for the burners. 
Ample latitude was thus allowed for the angular setting of the burn- 
ers, and there was also opportunity for trying the effect of admitting 
air aroxmd the burners. 

An accident to the engine of the fan blower prevented the continu- 
ance of these trials with different pressures of force<l draft. It should 
be ascertained just how much steam is required for atomizing pur- 
poses when the boiler is forced to its utmost. 

The board deems it important, when opportunity will jjermit, to 
make an extended series of tests with steam as the atomizing agent. 
Fresh water can be secured in unlimited quatities at nearly all naval 
stations, and it might not be a difficult matter to make armngements 
whereby the torpedo boats and destroyers, when fitted with fuel oil- 
burning installations, could be furnished with an ample supply in 
specially constructed tanks, thus obviating the risk of being compel leo 
to feed salt water into the boilers. 

Even if compressed air should be used on the torpedo l>oats as the 
atomizing agent, an accident might happen to the compressor plant 
which would compel the temporary use of steam. There is therefore 
an urgent necessity to secure reliable data upon the subject of how 
much steam is required for spraying purposes under various condi- 
tions of natural and forced draft. 

THE F. M. REED TOMBINEI) AIR ANI) HTEAM BURNKR. 

One preliminary and two official tests were made with this burner, 
whose construction is shown in fig. 13. The "from and at" evapora- 
tion during the first official experiment fell short of the best yet 
attained in these trials (test No. 8) })y only about one-half of 1 per 
cent. On the other hand, the amount of steam consumed in spraying 
the oil was excessive, Ixung about 1 pound of steam per pound of oil, 
or several times as much as in test No. 3. Apart from any question of 
furnace efficiencv, the board considers that the combined use of both 
air and steam in the burners is undesirable. Such an installation 
more involves unnecessary expense and complication and requires much 
skill and attention in the adjustment and manipulation of the burners. 

The board gave particular attention to watching the operation of 
this burner, since it is desirious of securing definite information upon 
the subject as to whether or not it was advantageous to use a combina- 
tion of both air and steam as the atomizing agent. The inventor per- 
sonally operated the burner, and every effort was made to reduce the 
amount of air and steam used for spraying purposes. 

The board has no hesitation in stating that combination burners 
requiring both air and steam together in atomizing will prove unsatis- 
factory, and that such designs will not only be shown to l>e the most 
inefficient, but in all probability the most expensive to install. 



THE F. M. REED BURNER. 



77 







— » 

I* 
a 



78 NAVAL ''LIQUID FUEL" REPORT. 



THE "HARVEV 



The general character of the apparatUvS used with this sj^stem is 
shown in Fig. 14. It was attempted with this process to partially 
separate the volatile and solid constituents of the oil product, and then 
burn both the volatile and heavy portions of crude oil simultaneously 
by forcing the heated gas and residium to the burners at equal preasures. 

The system is typical of hundreds of patents taken out attempting 
to gasify a portion or all of the liquid fuel. It is believed by many 
inventors that where means are taken to partially gasify the more 
volatile and explosive hydrocarbons that such action will obviate the 
necessity of refining crude oil for use as a combustible. 

The purpose of the Harvey patent was to pass heated air through 
crude oil and thus take up a definite portion of the explosive gases of 
the product The patentee believed that it was only necessary to 
admit the hot air at the top of the apparatus and pass it through tubes 
to the bottom to cause the escaping air to be turned into a rich com- 
bustible by taking up a portion of the gases of the fuel. The theory 
of believing that hot air would be changed into a combustible by 
simply forcing it through a crude oil product is in a measure justified, 
but its practical possibilities are more than nullified by the inevitable 
deposition of the hydrocarbons in the heating or converting devices. 

It was further lielieved that some special value attached to pumping 
the oil and heated air to the burners at equal pressures. A study of 
the extended series of tests will show the error of this assumption. 

In the Harvey system no particular value is attached to the design 
and character of the burner. The theory maintained is that by the 
installation of the carburetor and the regulation of pressures, com- 
bined with the use of heated air and oil, that it will be possible to 
maintain a capacity of evaporation that could not other^^ise be 
obtained. It was likewise assumed that where the explosive hydro- 
carbons are separated from the other constituent parts of the crude oil 
that both safety and eflSciency in the use of oil would be increased. 
The inventor believed that he could secure a resultant combustion 
which was so complete and controllable that any desired degree and 
capacity of heat could be obtained for welding, forging, or annealing 
of metals. Particularly was it claimed that there would be a freedom 
from smoke which would render the system specially adaptable for 
naval purposes, as well as for many important industries. 

There were two tests made with this system — Nos. 33 and 34. In 
the burner used (fig. 14a) the oil and atomizing agent were admitted 
in the same direction, and as a result there was very little spraying 
eflFect. Good efficiency results were obtained, probably in great part 
due to the fact that the consumption of oil was not forced. By reason 
of the size of the carburetor it was not possible to operate the instal- 
lation under other than natural-draft conditions, and therefore no 
capacity tests were attempted. 




Fig. 14.— Installation of the narvcy process for burniiH,' fuel oil. 
32196—04. { Faces page 78. ) 
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The nipple *"' B, ■' as «hown in Fijr. 14a, was used on both official trials. 

Probably the best way of showing the results seciii*ed with the 
Harvey system during two tests under natural -draft conditions is to 
compare the results obtained with that secured during the two natural- 
draft tests made with the Best burner without such installation. 



Type of installation with "Best" burner. 



Harvey . 



Evaporative 
t ffii'ieiicy 
j*er {>onn(l 

combustible. 


Evaporation 

per square 

foot of grille 

.Murface. 


Total evapo- 
ration. 


Deffree of 
.smolce. 


14. (K) 


2H1.7 


i;i 120 


0.50 


l«.ol 


314. 8 


15, 787 


.52 



A cursory study of these results will show that with the Harvey 
process there was slightly increa.sed e^'aporative efficiency over the 
Best burners, but with a decreased consumption of oil. It need only 
be stated that with every efficient type of oil burner prol>ably .some 
improvement as regards evaporative efficiency per ix)und of combus- 
tible can be secured in a water tube l)oiler by decreasing the evapora- 
tion per square foot of heating surface. 

THE "BR.ANCH" IirKXER KQl'IPMEXT. 

The guiding principle of the Branch system of oil burning is based 
upon the belief that there should be superheating of the oil fuel as 
well as of the steam or air used as the atomizing agent. The oil 
heater consists of two concentric cast-iron cylinders between which 
there enters the exhaust steam from the various pumps of the installa- 
tion. The inner cylinder thus forms a receptacle for the oil before 
being pumped to the burners. The general character of the burner 
is shown in Fig. 15. Probably the distinguishing characteristics of 
the burner are simplicity of construction and facilit}' for adjustment. 

The company installing this system consider that the burner is a 
very small determining factor in the use of oil as a fuel. The greatest 
consideration is given by those experts to the question of the general 
installation of auxiliaries and piping connected with the equipment. 
Within the installation are included a regulating valve, relief valve, 
standard thermometers, pumps, and air compressor. The usual erro- 
neous claim was made that increased heat w^ould be secured through 
the action of the spraying medium being turned into a combustible 
when the oil fuel was properly burned with steam or air. 

In arranging the installation there was a reduction made in the 
volume of the furnace and combustion chambers by tilling the lower 
part of the furnace with earth to a level of about 5 inches. In the 
front of the furnace there was an air uptake as shown in the accom- 
panying sketch. This arrangement was effected at the request of a 
representative of the company. 
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The reduction in the volume of the furnace and combustion chamber 
undoubtedl}' decreased the evaporative efficiency a.s well as the output 
of evaporation. The board, however, believed that experiments should 
be conducted in various directions suggested by inventors so that the 
disadvantages, as well as the advantages, of the several arrangements 
could be more strikingly shown. 

There were six tests made of this equipment with the following 
evaporative results: 



Test 
number. 


Evaporative 
efficiency per 
pound of com- 
bustible. 


Evaporation 
per square foot 
of equivalent 
grate surface 
of furnace for 
coal burning. 


1 

Total evap- 
oration. 


Air . 
prewure 
in fire 
room. 


23 


13.11 


330.8 


1 16,584 





24 


11.60 


458.5 


22,982 


2 


25 


11.57 


451.8 


22,655 


2 


26 


11.20 


404.5 


I 20,281 


2 


27 


11.40 


476.5 


; 23,893 


2 


28 


11.77 


452.0 


22,661 


2 



The above data will show that fairly good efficiency results were 
secured when the boiler was not forced. In the first test the boiler 
was run under natural draft, while in all the other tests there was a 
2-inch pressure of air in the fire room. 

Only four burners instead of six were used during test No. 26. 
The earth had also been removed from the furnace. The 5 inches in 
depth of earth which had been placed in the furnace during the 
previous tests had melted, caked, and decreased to a depth of 3 inches. 
This earth was red hot eighteen hours after the burners were 
extinguished. In this test, No. 26, deflectors were placed in the ash- 
pit openings to direct the entering air upwards. 

The feed water used during nearly all the experiments was very 
muddy, and the experimental boiler was blown down each day to get 
rid of some of the accumulated deposit. It will be noticed that the 
capacity of evaporation, as well as the efficiency of the boiler, 
increased after the removal of all the earth f roni the furnace. 

"advance" design of oil burner. 

The general design and arrangement of this burner is shown in 
fig. 16. In the early experiments with this appliance it was found 
that the oil was not spraj^ed sufficiently to produce a jet whereby 
the combustion would be self-supporting. Fires could only be started 
by keeping a piece of oil-soaked waste in front of each burner for 
at least half an hour, during which period the oil burned on the floor 
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of the furnace near the Dack wall. Until the brick lining of the fur- 
nace could be suflSciently heated to ignite the oil by radiation, the con- 
sumption of liquid fuel was exceedingl}- limited. 

There was no apparent eflfect due to the rifling of the burner orifice. 
The jet produced, however, was of great velocity although of small 
diameter. 

The burners required constant attention. An improvement was 
effected, however, in this respect when the pressure of steam was 
reduced and the pressure of oil increased. 

When burning California oil it was found necessary to enlarge the 
holes in the oil nipples from one thirty-second of an inch to one- 
sixteenth of an inch. Extended preliminary testa showed that the 
best results were secured with this burner, when California oil was 
used, by operating the spraying medium under about 40 pounds 
pressure. The efficiency and the capacity eva|(k)ration per pounds of 
water per hour from and at 212^ per hour were respectively as follows: 



Number of ' 



21 
22 
39 
40 

•n 

42 
43 
44 

67 
68 



Efficiency. 

Pound*. 
14.42 
13. 19 
12.51 
12.92 
12.87 
10.57 
11.16 
10.:i6 
11.86 
12.66 



Evaporation 
per square foot 
of grate sur- 
face. 



I'mtndi. 
308.8 
285.4 
243.3 
308.5 
280.3 
346.6 
310. 9 
413.4 
272. 9 
547.8 



Total evap- 
oration. 



Pouttdt. 
15, 486 
14,311 
12,202 
15,468 
14,059 
17,379 
15,588 
20, 728 
13, 683 
27,469 



8.\NT.\ FE OR 



TYPE OF OIL BURNER. 



This is a slot burner, whose general design is shown in Fig. 17. 
It is used extensively on the locomotives of the Santa F^ Rail- 
way system having been adopted from a design of a burner long in 
use on the railway's of Peru. The Sante F^ Railway Company, 
through its superintendent of motive power, Mr. George R. Hender- 
son, sent a representative, Mr. C. B. Goode, to install the appliance on 
the experimental boiler. The Liquid Fuel Board received much valu- 
able information from Mr. Goode, and takes this opportunity of bearing 
testimony to the many practical suggestions offered by this expert. 
Having had extended experience in the burning of both Texas and 
California oils, and having practically tested many forms of arches in 
locomotive boilers, Mr. Goode was able to show the development that 
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had taken place in locomotive work and to point out the similaritj' in 
some respects of such pmctice to conditions approximating to the 
needs of torpedo boats as regards using crude oil as a fuel in their 
boilers. 

In locomotive work with the Santa Fe burner the greatest efficiency 
has been secured with some form of arch brick wall. It was attempted 
to install an arch in the experimental boiler, but the size and character 
of the furnace, and the difficulty of securing suitable fire brick, seri- 
ously interfered with the efficient operation of the boiler. An arch 
of fire bricks was put up and was used on quite a number of unofficial 
tests. It broke down after an hour's use, however, on one of the 
official tests, by reason of the fact that the slabs were too flat to form 
an arch that would stand severe heat conditions. 

A checker-work brick flash wall with a 9-inch overhang was then 
fitted in the furnace. The air requisite for combustion was admitted 
just in front of the flash wall through an opening 8 inches wide by 8 
feet long after passing under a raised floor of brick tile. This arrange- 
ment had the effect of partially heating the air before admitting it into 
the furnace, and was used throughout the test. The design and 
arrangement is shown in the sketch appended (tig. 18). 

Although the arch was but little used, and consequently the highest 
efficiency of the burners could not be obtained, there was secured, 
however, a comparison of the different-sized burners, wherein was 
shown their relative evaporative values and steam consumption. 

The appended table is a r&ume of the data secured with this burner. 
It would seem that with this special burner the Texas oil gave better 
results than the California product. The heating value of the two oils, 
however, ought to be very nearly the same, although the Texas oil is 
somewhat more volatile, with a much lower fire point. 

It was suggested by Mr. Goode, that with every leading form of 
burner, the air necessary for combustion should be admitted into a 
raised or false floor in the ash pan. This false floor would thus become 
heated to a high temperature, ])oth b}' actual contact with the flame 
and by radiation from the lower row of tubes and baffling. The floor 
of tire-brick tile would in turn transmit a good portion of its heat to 
the air passing through it to the furnace. It was further proposed 
to leave a large number of small openings into this raised floor, and 
thus allow a portion of the air to come directly up through the open- 
ings in the hot tiles. This method, besides distributing the air more 
evenly throughout the furnace, would probably heat the small jets of 
air to a higher temperature than could be obtained in any other way. 
There would also undoubtedly result considei*able decrease in the noise 
experienced with the ordinary arrangement. The observed data will 
show that the large 5-inch burner gave a better evaporation than the 
smaller 2-inch burner. Relativel}^ more steam for atomizing purposes 
was used with the larger burner. 
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Fig. is.— Installation of Santa Ft' fuel oil burner. 
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As a result of the observations of the expert of the Santa Fe Kail- 
road Comf)any at the experimental plant, the Board has been Informed 
that the motive power department of that company expects to install 
an improved form of Booth burner, wherein no arch will be used in 
the furnace of the boilers, the use of an arch having been found very 
destructive to crown boltheads in locomotive fire boxes. 

General summary of data of the tesU of the Booth-Santa Fe oil burner. 



. Date of te«t. ^ 

I I 

^ ll 



State al weather. 






11 



S -s 






46 

47 

4S 

49 

50 

51a 

51b 

52 

53 

54 



Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
....do.. 
Apr. 22 
Apr. 23 
Apr. 24 



6 



46 

47 i 

48 ! 
49 
50 
51a 
51b 
52 
53 
54 



, Hrn. 
8 
4 
6 

' 4 

; ^ 

2 
2 

I 2 

I ^ 
I 3 



I JU>«. 

Clear and warm . . . 269. 5 

do 271.5 

do 273.5 

do 273.5 

Cloudy > 273.5 

Clear and warm . . . 266. 5 

do 268.5 

do 267.5 

Partly cloudy ' 262.5 

Clear and warm . . . 265. 5 



'ill 

Ok 
JJm. 

, 90 
I 90 
90 
90 



Si" 



A6«. 

9.0 

9.0 

10.6 

11.0 



90 I 10.0 
90 i 23. 6 



90 
90 
90 
90 



23.0 
23.0 
25.4 
75.0 



is 



Inehes. 

1 

1 
3 
3 
3 
3 
3 
3 



Is 

O 00 






Sq. in. 
612 

612 
612 
612 
612 
316 
508 
316 
652 
612 



TJ>s. 

564 

962 

507 

1,008 

1,900 

915 

1,473 

908 

1,875 

1,852 



Temperatures. 



Ontside air. 



^ 



u 

* c 

11 

9 



I 



bS 

!5 






a 

I 

I 



64 

65 

63 I 

65 

69 

61 

61 

59 ! 
I 
57 

62 



78 
88 
81 
84 
84 
83 
83 
78 
76 
86 



rF. 
334 
375 
334 

378 
367 
361 
362 
;i56 
374 



o/; 



462 
578 
487 
535 
743 
665 
780 
767 
788 
867 



119 
120 
120 
119 
117 
120 
123 
120 
120 
120 



1.69 
1.64 
1.93 
1.71 
1.87 
1.87 
1.97 
2.03 
1.88 
1.97 



s 



S 



Incfies. 
29.94 
30.09 
29.77 
29.79 
29.66 
29.70 
29.70 
29.81 
29.90 
30. 05 



5^ 
''I 

jdBB 



Lbs. 

1.18 
.60 

1.17 
. 77 
.64 
.44 
.67 
.59 
.52 
.57 



EVAPORATIVE EFFICIENCY AND CAPACITY OF BOOTH BURNER. 89 

The following table shows the evaporative efficiency per pound of 
combustible, the evaporative capacity per square foot of grate surface, 
and the total evaporation secured per hour during the nine official 
tests conducted with the Booth burner. The results are calculated 
from and at 212° F. 



Number of 
test. 

46 


Evaporative 
efflcieney. 


Evaporative 

capacity per 

Mquare foot of 

grate surface. 


Total evapo- 
ration. 


13.39 


192.2 


8,301 


47 


12.82 


335. 3 


16,813 


48 


12.88 


195.7 


9,811 


49 


12.10 


314.6 


15, 771 


50 


11.19 


447.7 


22,448 


51 


10.29 


297.5 


14,917 


52 


10.14 


278.8 


13,979 


53 


9.52 


251.0 


12,585 


54 


9.62 


303.5 


15,2 1 



The following curve (fig. 19), as determined from several official 
tests with the experimental boiler, shows the air requisite for combus 
tion under forced draft conditions: 
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m'donald and w. n. best burners. 91 



MCDONALD FLUID Fl'EL BURNER. 



Only one test with this burner was made (fig. 20), the duration of 
the test being four hours. Considerable delay ensued in stalling the 
test, due to the clogging of the burners, thus necessitating the with- 
drawal of parts of the appliances for cleaning. The average tempera- 
ture at the base of the stack was only 571°. 

By reason of the fact that the burners were of small size, an evap- 
oration of only 9,809 pounds of water per hour was secured. Had 
there been more burners, or had the burners been of larger capacity, 
better results might have been secured. 

The height of the furnace was hardly sufficient for this style of 
burner, since the flame impinged directly on the lower row of tubes. 
The forward end of the burners clogged considerably, and the general 
unsatisfactory results secured could be attributable to the fact that 
there were either too few burners, or that they were too small for the 
work devolving upon them. 



THE **W. N. BEST" OIL BURNER. 



Eight official tests of this burner were made, its installation having 
been effected by Mr. Robert W. Gibson, of Palestine, Tex., an expert 
representing the W. N. Best International Calorific Company, of Los 
Angeles, Cal. During these tests both steam and air were used as 
atomizing agents. 

This expert had extended experience in the installation and opera- 
tion of oil-fuel appliances as fitted to locomotives and land boilers, and 
seemed thoroughly acquainted with developed methods of burning 
various qualities of oil. During the month that Mr. Gibson was asso- 
ciated with the board he rendered valuable assistance, particularly in 
the direction of showing wherein locomotive practice as to burning 
oil fuel might be utilized in effecting a successful installation on tor- 
pedo boats. 

The board likewise takes this opportunity of giving recognition to 
the information furnished by Mr. W. N. Best, of Los Angeles, Cal., 
the inventor of this appliance and an expert whose knowledge of and 
experience in burning liquid fuel is probably equaled by few pei*sons 
in this countr}' . 

The ''Best" burner is a combination of many designs and patents, 
and like each of the few leading forms is the outcome and develop- 
ment of extended observation and experience. The distinguishing 
characteristics are as follows: 

Admission of air for combustion, — The air should be admitted imme- 
diately under the burners, about 1 square inch of opening with ordi- 
nary draft being requisite for each 16 pounds water to be evaporated 
per hour. Wherever it is possible to do so, there should >>e heating 
of the air Supplied for combustion. 
32196—04 7 
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Fig. 21.— Installation of ••Best" burner. 



INSTALLATION OF W. N. BEST BURNER. 93 

The line ofhlaze.— The burner should be so installed that the line of 
blaze should strike the base of the bridge wall, provision l)eing made 
whereby, if necessary to complete combustion, additional air could be 
supplied near the bridge wall. Special care should be taken that the 
top of the wall should never be immediately beloV any horizontal seam 
of the boiler. 

Heating of the oil. — Oil from 15 to 18 gravity (Baum^) should be 
heated to 120^ F. Oil of from 20 to 30 gravity should be heated to 
lOO'^ F. Oil above 30 gravity need not be heated, since the burner 
itself is presumed to heat all heavy oils sufficiently. 

Const7*uction of the burner, — The burner is of the slot design, the 
atomizing slot being above the oil-supply passage. This arrangement 
is supposed to prevent the accumulation of carbon in the oil slot. By 
thus siphoning in a uniform manner the oil from its supply channel, 
and arranging for a high velocity of the atomizing agent, the separa- 
tion of the particles of the liquid fuel can be satisfactorily effected, and 
thus complete combustion secured. Means are also provided whereby 
the atomizing channel can be easily cleaned of any scale or other for- 
eign substance without removing the burner from its fixed i>osition. 

Onl}' four burnere were used, two being installed in the center and 
one at each end of the furnace. It was a matter of regret to the board 
that six burners were not installed; for, if this had been done, in all 
probability there would have been secured with this design of burner 
poasibly the greatest total evaporation from any design of installation. 
With only one other form of burner during the extended series of 
tests was the evaporation secured from the Best burner exceeded, and 
in that case six burners of the other type were used. The f orced-diuf t 
conditions as applied to naval boilers (where it is expected that double 
the total evaporation may be secured over that obtained from natural 
draft) can hardly be appreciated by those unaccustomed to the manage- 
ment of marine boilers. It was this lack of knowledge of excessive 
naval demands, as regards boiler output under excessive forced-draft 
conditions, that probably led to the belief that four burners would 
meet all possible Departmental requirements. 

In this instance, as well as in ever}- installation projected, the board 
urged the fitting of sufficient burners and gave assurance to each 
exhibitor that the piivilege would be given of operating as many 
burners as was desired. There seemed to be a general inclination, 
however, to install but a few burners, for the belief is too prevalent 
that the average oil-fuel burner is capable of developing even as high 
as 500 or 000 horsepower. It was to dispel this belief that the 
board permitted an insufficient numy)er of burners to be installed, 
for it seemed impossible to convince many otherwise apparently well- 
informed expei'ts that the capacity of every practicable oil-fuel burner 
wa^ limited. 
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The following summary of the tests made with this installation 
shows that the system is probably one of the best that could be fitted 
to a boiler for either natural or forced draft conditions. The board 
desires to emphasize the fact, however, that the general installation as 
much as the special form of the burner was responsible for the satis- 
factory results secured. 



Test No. 


Draft pressure 
in fire rooms. 


Evaporative 
efficiency. 


Evaporation 

of water per 

hour per 

square foot of 
equivalent 

Ifrate surface. 


Total evapo- 
ration of water 
per hour. 




Inche*. 




Pound*. 


Pounds. 


29 


2 


11.60 


471.9 


23,662 


30 


1 


12. 33 


416.3 


20, 875 


31 


3 


11.85 


587. 3 


29,452 


34 





13.46 


304.2 


15, 252 


35 


1 


12.37 


422.8 


21,199 


36 


2 


11.92 


467.3 


23, 428 


37 


3 


11, 23 


518.9 


26, 018 


38 





13. 57 


325. 5 


16, 322 



OIL CITY UOILKR WORKS BURNER. 



Some form of this burner was used on thirty-three oflScial tests, 
during seven of which a patent nozzle was fitted to the device. The 
appliance was used on so large a number of experiments in order that 
comparison might be made as to the relative eflSciency and capacity 
evaporation of both the Texas and California products under various 
conditions of natural and forced draft. 

The Oil City Boiler Works latest improved burner is a development 
of possibly one or two hundred types that have been used in the oil 
regions of Pennsylvania and Ohio during the past thirty-five years. 
While the present device is not a patented article, it is the outcome 
of extended experiment and experience, and the results secured from 
its use, whether regarded from the standpoint of efliciency or of 
capacity, will compare favorably with any type that was used during 
the trials. 
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The following sunmmry of comparative testa made with Texas and 
California oil, when using the Oil City Boiler Works burner, will 
prove of interest: 



NuinT>er I , 



Character of oil. 


of ex perl- 
men t8. 


Air prewure 
in flrenmmH. 




i£vaporttUv( 
efflclenfy. 


Texas 


11 


13.80 


California 


4 





12. 73 


Texas 


3 


1.11 


12.17 


California 


2 


1 


11.95 


Texas 


4 


2.09 


11.0.5 


Califoniia 


8 


2 


11.47 


Texas 


2 


3.72 


11.30 


California 


... • 3 


3 


11.20 



Evaporation 
per square 

foot of equiv- 
alent RTRte 
surface. 



271.1 

242 

427 

:^14 

532 

4:^3 

667 

554. 9 

I 



13,288 
12,145 
21,548 
18,220 
25, 283 
21,760 
33,262 
27, 822 



Note.— In some of the oil-fuel experimentH there wea» extenHlons in widths to the bridnre wall 
whereby the volume of the furniice and the equivalent grate Hurface were somewhat reduced, the 
board belie\ing that the several inventors nhould have pretty free scope in this respect. The equiv- 
alent grate surface actually represents the horizont*! surface that could have been utilized to bum 
coal had grate bars been in place and coal u.Med as fuel. The figures given are approximately correct. 

These results would seem to show that when using this particular 
design of burner, both from the standpoint of economical efficiency 
and of capacity, the Texas oil has some superiority over that of the 
California product. The Texas oil, however, which was used at the 
experimental plant had undergone a greater degree of distillation, and 
as the Oil City burner had been particularly designed for }>urning the 
lighter product of the Pennsylvania and Ohio yield, it was to be 
expected that the device would operate better with a distillate from 
the Texas wells than with a crude product from California. The com- 
parison shows that while with a good form of burner satisfactory 
results, as regards elficienc}', can always be obtained with any kind of 
oil as a fuel, it is essential to modify the details of construction of 
burners using a heavy or light crude oil. 

A more fair comparison, however, as to the economical efficiency and 
the capacity of evaporation of the oil products of California and Texas 
may be made by comparing the results obtained with the Oil City 
burner when using Texas oil with the Best burner when using the 
California product. 

In comparing the performance of what the board regards as two 
excellent forms of burners, and both wtU adapted for marine and 
manufacturing purposes, it should be particularly observed that there 
was only an installation of four burners of the Best design as com- 
pared with six burners of the Oil City type. 



OIL CITY BOILER WOBKS BURNEB. 
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The board had urged the manufacturers of eveiy design to install a 
sufficient number of burners to meet every probable test requirement. 
It was by reason of the fact that very few experts believed it possible 
to secure from a boiler having only 50 square feet of grate surface 
and 2,175 square feet of heating surface an evaporation exceeding 
25,000 pounds of water per hour from and at 212^ that they could 
not be convinced as to the necessit}'^ of providing sufficient burners 
capable of securing such an output of evaporation. The belief is also 
too prevalent that the average commercial burner has a greater rate 
of efficiency and capacity than the naval tests proved them to possess. 




&-^E^ 




Vm. 23.— Hohcnsteiii-White fuel oil burner. 



Unfoilunately, therefore, for all interested in the experiments, only 
four Best burners were brought to Washington, and therefore the 
board was unable to have an increased installation effected when it was 
suggested to increase the number to six. 



COMPARISON OP RESULTS HECTRED WITH AN EASTERN BURNER UaiN(} TEXAS OIL, AND A 
WESTERN DERHiN OF BURNER USING UALII<X)RNIA OIL. 

The following comparison shows that imder 1-inch forced draft con- 
ditions practically the same efficiency and capacity results were secured 
with the two burners when using differing oils. Under natui'al draft 
conditions the advantage was with the Best burner and with California 
oil. Under 2-inch draft conditions the advantage was with the Eastern 
burner and Texas oil. The general results of these three different 
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Fio. 25.— Installation of Oil City fuel oil burners. 
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characters of tests show that the burners are undoubtedly about equal 
in efficiency and that there was but little difference in the value of the 
oil from the two localities as measured from the standpoint of weight. 



Num- Air pres- 
Typc of burner, ber of sure In 
tests. firer(X)m«, 



Oil City 11 

Best 2 ! 

Oil City 3 j 1.11 

Bent 2 i 1 

OilCity ■ 4 ' 2.09 

Best 2 2 

OilCity ' 2 ; 3.72 

Best 2 3 



Evaporation 
vvat^rutivn' P«?r Bqusrc Burners Total 
offiKi^.H^^<»tofequiv- In ope- 1 evapora- 
^®^*«"'>- alentg?ate ratlSn.l ti<^. 
surface. , | 



Oil. 



13.80 
13. 52 
12.17 
12. 35 
11.05 
11.76 
11.30 
11.54 



271.1 I 
315 

427 ' 
419 
532 

469. « ' 
667 
553 



6 13, 288 
4 ; 15, 787 
6 21,548 
4 ! 21,037 
6 , 25, 283 
4 23, 545 



33, 262 
27,765 



Texa». 

California. 

Texas. 

California. 

Texas. 

California. 

Texas. 

California. 



In regard to the maximum draft tests, the board considers that the 
decided apparent advantage as regards the capacity evaporation in 
favor of the Texas product can be accounted for by the fact that a 
higher fireroom pressure was used when the Oil City burner was in 
use, and that 50 per cent more burners of this design were in operation. 
If measured by the standard of number of burners in use, the advan- 
tage is with the California oil. 

In general it may be stated that it is exceedingly probable that for 
maximum forced draft purposes the greatest evaporation can l^e 
secured from the lighter oils, due to the fact that the oil supply can 
be more uniformly regulated. 
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(ieneral plan of oil tests. 



m^_^ Air or 8team' 
V^^ for vapor- 



Typo of burner. 



Draft. 



Houra of 
run. 



I 



1 Air 



Oil Citv 
Works.* 



Boiler 1.2 inches. 



3 

4 
5 
() 
7 
8 
9 
10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 



do . . .1 do 2.25 inches 

do ...I do Natural.. 

do do 3.2 inches 

do do Natural. . 

do do do .. 

do do 0.10 inch 

do ...' do 3.75 inches 

Steam... Hayes Natural.. 



....do .. 



Oil Citv 
Works. 



Boiler 



..do 



.--do ... 


.... «do . . . . 




do . - 


...do ... 


.....do 


do .. 


Air and 
steam. 


Reed 


' do .. 


...do ... 


do .... 


Boiler 
Hohen- 


do .. 


Steam... 


Oil City 
Works- 
stein. 


do.. 


...do ... 


do .... 




1 inch 


...do ... 


do .... 


2 inches . 


...do ... 


do . .. 




do .. 


...do ... 


do . 


3 inches . 


...do ... 


do .... 


1 inch . . . 


...do ... 


* 'Advance' 




Natural.. 


Air 


do .... 




do.. 


Steam... 


"Branch". 




do.. 


...do... 


do ... 




2 inches . 


Air 


do ... 




do.. 


.-.do... 


do .... 




do.. 



Steam do 

Air do 



.do .. 
.do .. 



Steam . . . 
....do... 
....do ... 

Air 

....do ... 
....do ... 
do ... 



"Best*' 

do 

do 

Harv^ey system. 

do 

**Be8t" 



do.. 

1 inch . . . 
3 inches . 
Natural.. 

do.. 

do.. 



.do .'. I 1 inch , 



Date. 



Oil used. 



I 1902. 
6 , June 11 Texas. 



4 
8 
3 
5 
116 
6 
3 
6 
8 

8 
8 
8 



8 
8 

6 

4 

5 

2.5 

7 

7 

8 

8 

4 



2. 75 Dec. 



4 
5 
1.9 

4 
6 
4 

8 
8 
8 
6 



June 12 

June 26 

June 27 

Aug. 2 
Aug. 4-9 

Aug. 15 

Aug. 20 

Sept. 12 

S^pt. 19 

Sept. 20 
Sept. 22 
Sept. 27 

Sept. 29 
Oct. 4 

Oct. 13 
Oct. 14 
Oct. 22 
Oct. 25 
Oct. 27 
Nov. 14 
Nov. 17 
Nov. 28 
1 
2 
4 
5 
6 



Dec. 



I Dec. 
Dec. 
Dec. 



1903. 
Jan. 1 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 



3 

5 
10 
12 1 
15 
16 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
bo. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



OIL TF-STS. 
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General plan of oil tests — Continuenl. 



Ttimt Air or steam 
^^' izing. 



Type of burner. 



36 Air.... 

37 do . 

38 Steam...! 

39 ...do ... 

40 -...do ... 



41 

42 
43 
44 
45 



..do .. 



( iin- 



46 
47 
48 
49 
50 
51 



"Bent" 

....do 

....do 

** Advance". 

....do 

"Advance*' 
proved) . 

- . -do . . - "Advance" 

...do do 

...do do 

...do ... Oil City Boiler 
Works — Hohen- 
stein. 

...do.... "Booth"— Santa Fe 



Draft. 



Hours of 
run. 



Date. 



Oil used. 



....do 
....do 
....do 
....do 
....do 



I 



I 



.do 
.do 
.do 
.do 
.do 

52 do do 

53 ....do do 

54 ....do . 

55 do . 

56 ....do . 



...do 

MacDonald' 



Oil City" — Ho- 
henstein. 

...do 

..ido 

...do 

...do 



57 do ... 

58 do ... 

59 ....do ... 

60 ....do ... 

61 ....do...' Oil City "Fitton".. 

62 do do 

6:^ do do 

64 do do 

65 do do 

66 do do 

67 do ... "Advance" 

68 . do do 



2 inches . 

3 inches . 
Natural. - 

do.. 

do .. 

do -. 

2 inches . 
1 inch . . . 

3 inches . 
do .. 

Natural.. 
1 inch . . . 
Natural.. 
1 inch... 
3 inches . 

do .. 

do.. 

do .. 

do .. 

Natural . 
do .. 

do -. 

1 inch... 

2 inches . 

3 inches . 
Natural.. 

1 inch... 

2 inches . 

3 inches . 

2 inches . 

3 inches . 
Natural.. 
3 inches . 



Air Oil Citv "Fitton".." Natural. 



1903. 

Jan. 17 Texas. 

Jan. 19 

Jan. 20 

Fel). 6 

Feb. 9 

Feb. 13 



Do. 
Do. 
Do. 
Do. 
Do. 



Feb. 27 

Mar. 2 

:VIar. 3 

Mar. 14 



Apr. 9 

Apr. 10 

Apr. 17 

Apr. 18 

Apr. 20 

2+2 Apr. 21 

2 Apr. 22 

2 Apr. 23 

3 Apr. 24 

4 Apr. 27 
4 Mav 4 



May 5 
May 6 
May 7 
May 8 
May 22 
May 25 
May 26 
May 28 
June 2 
June 3 
June 11 
June 12 

June 16 



Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
California. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Mixture, Cal- 
ifornia and 
Texas. 

Mixture. 
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No. 1. — Test of oil fuel in a IfoIi^rntUin waUr-tube marine ItoUer June 11, 1902. 
[Six hours' duration with forct*d draft, iwing air bumprs, Oil City Boiler Works burner.] 



Calorimeter. Draft air pressures in inolies of water, k 



Time. 


s 

1 

2 


t 


t 

1 

1 


i 


1 i 

i 
5* 


B 

t 


t 

S 

E 


i 

s 


1 




It 
1 

X 




U>». 


°/'. 


OK 


o/'. 














L6«. 


11 a. m 


275 


120 


402 


302 


0.982 


1.20 


0.80 


0.60 


0.25 


-0. 45 


3.20 


ll.loa. 111. 


275 


112 


402 


302 


.983 


1.20 


.80 


.00 


.25 


.45 


3.11 


11.30 a. m. 


275 


112 


402 


303 


.983 


1.20 


.80 


.60 


.25 


- .50 


3.14 


11.45 a. in . 


275 


110 


402 


:i04 


.984 


1.20 


.80 


.65 


.25 


.45 


3.23 


12 m 


275 


122 


402 


302 


. 082 


1.25 


.85 


.65 


.25 


- .45 


3.17 


12.15 p.m. 


275 


122 


402 


3a3 


. 983 


1.30 


.80 


.65 


.25 


- .45 


3.17 


12.30 i>. 111. 


275 


120 


402 


304 


.9S4 


1.25 


.80 


.60 


.25 


.50 


3.23 


12.45 p. m . 


275 


112 


' 402 


;^4 


.984 


1.25 


.80 


.65 


.25 


- .50 


3.23 


1 p. m 


275 


118 


402 


304 


.984 


1.25 


.80 


.6,5 


.25 


.50 


3. 23 


1.15 p. m.. 


275 


120 


402 


304 


.984 


1.25 


.80 


.65 


.25 


- .50 


3.17 


1.30 {). m . . 


275 


120 


402 


301 


.984 


1.25 


.80 


.65 


.25 


- .50 


3.11 


1.-15 J), m .. 


275 


118. 


' 402 


304 


.984 


1.25 


.80 


.(>5 


.25 


.50 


3.23 


2 p. m 


275 


12.3 


402 


3o;; 


.983 


1.25 


.80 ' 


.()5 


.25 


.50 


3.23 


2.15 p.m.. 


275 


124 


402 


304 


.984 


1.30 


.75 


.65 


.25 


.45 


3.17 


2.30 p.m.. 


275 


122 


402 


3(H 


.984 


1.30 


.80 


.65 


.25 


- .50 


3.23 


2.45 p.m.. 


275 


126 


402 


304 


.984 


1,30 


. 75 


.(J5 


.25 


.50 


3.23 


3 p. m 


275 


122 


402 


303 


.983 


1.30 


. 75 


.65 


. 25 


.50 


3.23 


3.15 J), m .. 


275 


120 


402 


304 


.984 


1.30 


.75 


.65 


.25 


.50 


3.23 


3.30 p.m.. 


275 


128 


402 


302 


.983 


1.30 


.75 


.tV5 


. 25 


..50 


3. 23 


3.45 p. m . . 


275 


m) 


402 


303 


.983 


1.30 


.75 


.(55 


.25 


- ..50 


3.23 


4 p. m 


275 


124 


, 402 


303 


.9a3 


1.30 


.75 


.6.5 


.25 


- ..50 


3.23 


4.15 p. m.. 


275 


124 


402 


304 


.984 


1.30 


. 75 


. <)5 


.25 


— .50 


3. 23 


4.30 p. m.. 


275 


121 


402 


303 


.98:? 


1.30 


. 75 


.(55 


.25 


- ..50 


3. 23 


4.45 p. III.. 


275 


124 


402 


303 


. 983 


1.30 


. 75 


.65 


.25 


- .50 


3.17 


5 p. Ill 


275 


125 


402 


304 


.984 


1.30 


. 75 


.65 


.25 


- ..50 


3.17 


Average... 


275 


120.7 






. 98.34 


1.27 


.78 


. 642 


.25 


- .488 


3. 20 



.state of weather, bright sun, clear sky. ^ 

Barometer at noon, 30.02 inches. 

Kind of fuel, Beaumont oil. 

Revolutions of fan blower, 327 per minute. 

Revolution.9 of Root blower, 126 per minute. 

Draft openings into furnace, G6e Nt^uare inches. 

9.10 a. m.: Two middle burners lighted. Root blowe? driven bv steam from .small independent 
lx)iler. 

10.05 a. m.: Steam pressure in main Iwiler, 100 poundn. All auxiliary machinery begun to be driven 
by steam from main boiler. All six burners alight. 

Smoke very uniform and much thinner than corresjK)ndH to <ihart No. 1. 
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No. 1. — Test of oil fuel in a HohenMein Water-tube marine boU^r June 11^ 1902. 
[Six houra' daration with forced draft, using air burners, Oil City Boiler Works bdtner.] 



' 


1 ' 

1 


T 


emperatun 

c 
< 

°F. 
117 
118 
116 
118 
119 
119 
120 
121 
121 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
124 
123 
124 


M 

1 

"3 

op 


Flue gases 




Oil burned per hour. 




Time. 


i. 

« 

84 

86 

86 

86 

86* 

85 

85 


COo. 


1 

0. ; 

p.ct. 


CO. 

p. ct. 


Water fed per hour. 


1 
11 a. m ... 


1X19. 

2. 125 

1.75 

2.5 

3.5 

2.75 

1.75 

2 

3 

2.13 

2.75 

2.75 

3 

2.25 

2.25 

2.5 

2 

2.75 

2.13 

2.13 

2.13 

2.13 

2.13 

2. 13 

2.13 

2.125 


P.ct. 


IJbf. 






11.15 a. m.: 


663 


6.8 


8.2 


(?) 




11.30 a. 111.1 






11.45a. m.i 


705 


7.4 
...... 


8.3 


(?) 






12 m 1 


1,769 


19,406 


12.15 p. m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m..; 
1.45 p. m..' 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p. m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p. m.. 

5 p. m 


709 


7.6 


9.2 


0.4 






717 


7 


8.6 


1.8 


1,819 


20,023 


715 


7.1 


9.3 


1.4 






712 


7.1 


9 


1.3 






1,776 


19,990 


711 


7.1 


, 8 


2 






714 


6.8 


7.4 


2.6 






1, 777 


20,000 


706 


6.6 


8.8 


1.3 








690 


6.3 


, 9.8 


1.7 






l,7a5 


18, 823 


........ 

704 


6.8 


9 


1.7 






709 


7 


9.6 


.8 






1,738 


19 734 












Average... 




85.4 


121 

1 


704.6 


6.97 


8.77 


1.5 


1,764 


19,663 



5 p. m.: The floor of the furnace is badly warped from the heat. The floor consists of one layer of 
fire orick on wroughMron flt)or plates on wooden sleepers with dirt rammed between the sleei)er8. 
The floor of furna<;e, back wall of same, and first two baffles are red hot. There are two disk-like 
accumulations of red-hot cartwn on the back wall. The middle and larger one is about 15 inches in 
diameter. 

Next day: The disk of carbon has been removed and examined. Structurally the carbon is indis- 
tinguishable from coke. The shape is that of a crater, 5 inches thick around the edges and 2 inches 
thick in the center. The larger crater was opposite the middle burners. A .smaller one was opjKwite 
the left-hand burners, and there was practically none opposite the right-hand burners. Evidently a 
very slight difference of conditions will cause or prevent their formation. 

Total pounds oil burned, 10.'»84. 

Total pounds water fed, 117,976. 
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NAVAL ''LIQUID FUKL REPOBT. 



No. 2. — Test of oil fuel in a Ilohenstein vxUer-tube marine bailer ^ June 12, J90f. 
[Four hours' duration with forced draft, using air bumen*. Oil City Boiler Works burner.] 




Draft air pressures in inches of water. 



il.30a. m.j 
11.45 a. m J 

12 m ■ 

12.15 p. m. 
12.30 p. m.l 
12.45 p. m.l 

1 p. m I 

1.15 p. m..| 
1.30 p. m..| 



1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p. m.. 

Average . . . 



275' 

275 

275 

275 

275 

275 

275 

275 

275 I 

275 \ 

275 • 

I 

275 
275 ! 
275 
275 I 
275 
275 



Of. 
104 
106 
100 
102 
102 
103 
102 
102 
102 
104 
108 
102 
102 
104 
105 
102 
104 



402 I 

402 . 

402 

402 

404 

404 

403 

402 

402 

402 

402 

402 

403 

402 

402 

402 

402 



° F. 

297 '0.980 

301 ' .982 
302- .982 

302 . 982 



302 
303 
300 
296 
296 
301 
296 



.982 
.982 
.981 
.979 
.979 
.982 
.979 



301 I .982 

302 ' .982 

299 .981 

300 .981 
300 ' .981 
278 . 969 







%i 










s 




















i 


H 




s 


1 


u 
^ 


1 

1 


1 

1 



275 103.2 980 



I 



2.25 1 

2.25 1 

2. 25 ,1 

2.25 'l 

2.30 ll 

2.35 1 

2.:« 1 

2.35 1 

2.35 I 

2.:^5 1 

2.35 1 

2.30 ll 

2.30 jl 

2.30 T 

2.:w .1 

2.30 1 

2.30 1 



60 I 1.50 
60 1.50 



2.31 



1.40 
1.35 
1.35 
1.40 
1.40 
1.40 
1.40 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 

•i.;i5 



0.90 
.90 
.80 

, .80 
.85 

, .a5 

' .85 
■ .85 
I .85 
I .80 
.80 
.80 
I .80 

: .80 

.80 
.80 
.80 



-0.50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50 

- .50' 

- .50 






"22 

Met 



Lbs. 

4.63 

4.63 

4.50 

4.26 

3.16 

4.50 

4.63 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.69 

4.87 

4.63 



1.55 I 1.38 I .83 - .50 



4.62 



State of weather, bright sun. clear sky. 
Barometer at noon. 30 inches. 
Kind of fuel, Beaumont oil. 
Revolutions of fan blower, 428 per minute. 
Revolutions of Root blower, 179 per minute. 
Draft openings into furnace, 666 square Inches. 
9.15 a. m.: Lighted two middle burners. 

10.07 a. m.: Pressure b^ns to show on main boiler steam gauge. 
10.30 a. m.: 100 jwunds pressure in main boiler. Oil-spraying air pressure, 1.75 pounds. 
10.35 a. m.: All six burners alight. All auxiliaries driven by main boiler steam. Oil-spraying air 
pressure, 2.8 pounds. 
10.38 a. m,: 270 pounds pressure in main boiler. 
11.30 a. m.: Test begins. 
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No. 2. — Test of oU fuel in a HohenOein water-iuhe marine boiler , June US, 1902. 
[Four hours' duration with forced draft, uging air burners. Oil City Boiler Works burner.] 



Time. 



a 



43 

X 



11.30 a.m.' 1.125 
11.45 a. 111. 1.13 

12in 1.13 

12.15 p.m. 2.5 
12.30 p.m.' 1.13 
12.45 p.m.' 1.5 

1 p. m 1.5 

1.15 p.m.. I 1.13 
1.30 p.m.. 1.13 
1.45 p.m..! 2 
2p. m....i 1.13 
2.15 p.m.. 1.5 
2.30 p.m.. I 1.75 
2.45 p.m..! 1.75 
3p. m....! 1.5 
2 
2.125 



3.15 p.m.. 
3.30 p.m.. 

Average .. 



Temperature. 



Flue gases. 



O 

'C 

I 

o 



2: 



^F. 


OF, 


82 


112 




114 




116 




118 


86 


118 




119 




120 




122 




86 


123 




124 




124 




125 


88 


125 




126 




126 




126 



CO,. 



°F. 



P.d. 



785 6.8 



.1. 



o. 



775 
775 
787 
795 
770 
760 



7.1 
6.5 
7.3 
7.3 
6.9 
6.9 



88 



86 



770 I 6. 9 



127 



121.5 



I 



779 



Ret. 
9 

8.6 
8.7 
9.2 
8 

8.5 
10.5 
11.1 



CO. 






6.96 I 9.2 

I 



Ret. 

1.2 

1.8 

1.4 

.8 

1.8 

1.6 

.6 

.4 



Lbs. 




I 



1.2 



% 



IA>8. 





2, 396 25, 216 



2, 300 24, 217 



2,301 I 24,361 



2, 183 23, 134 



2, 295 24, 232 



12.30 p. m.: The casing of the Root blower being rather warm, some one thought to cool it by play- 
ing a hose on it. The result was that the casing got very hot, the speed of the Root blower was 
reduced, and the oil-spraying air prefsure fell to about 2 pounds, under these conditions, which 
lasted about ten minutes, the smoke from the stack was very dense. Normal conditions were quickly 
restored by lubricating the blower impellers with graphite. 

1.30 p. m. : There is a red-hot area of about 30 square inches on the outside of the boiler casing oppo- 
site the tube chamber. The bulging out of the casing allows the hot nises to take a short cut from 
the combustion chamber, which is lined with fire brick, to the tube cnamber, which is lined with 
magnesia. 

8.10 p. m.: The red-hot area has increased to about 1 square foot. 

3.30 p. m., end of test: There is a carbon crater 12 inches in diameter on the back wall opposite the 
central burners and one 25, inches in diameter opposite the left-hand burners. None opposite the 
right-hand burners. The smoke during this teet averaged about i by Rlngelmann's charts. 

Total pounds oil burned, 9.180. 

Total pounds water fed, 96,929. 

32196—04 8 
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NAVAL "LIQUID FUEL" BEPOBT. 

No. 3. — Tai of oil fuel in a HohensLein water-tube marine boiler June 26 ^ 1902. 
[El«rht houre' daration with natural draft, using air burneni. Oil City Boiler Works burner.] 











Oalo^ttifiter, 


Bmft iueamcila tnchotof wMcr. 




£ 


i 
t 

1 

o 
1 


1 


i 












Time. 


2 


^ 1 

f 1 






1 


1 


i 






1 


^ 






1 


1 


-f 


"3 




1 




1 


1 


1 


i 




1 




Lbs. 


° F. 


o p 


°F. 












9 a. m 


275 


122 


404 


305 


0.983 


—0.15 


—0.15 


—0.25 


—0.35 


9.15a. 111.. 


275 


130 


404 


306 


.984 


— .15 


— .15 


— .25 


— .35 


9.30 a. m . . 


275 


130 


404 


306 


.984 


— .15 


— .15 


— .25 


— .40 


9.45 a. m.. 


275 


134 


404 


307 


.985 


— .15 


— .15 


— .25 


— .35 


10 a. m 


275 


122 


404 


308 


.985 


— .15 


- .15 


— .25 


— .35 


10.15a. in. 


275 


130 


404 


;^8 


.985 


— .15 


— .15 


— .25 


— .35 


10.30 a. m . 


275 


130 


404 


308 


.985 


— .15 


— .15 


- .25 


— .35 


10.45 a. m . 


275 


128 


404 


308 


.985 


— .15 


— .15 


-.25 


— .35 


11 a. m 


275 


140 


404 


:^7 


.984 


- .15 


— .20 


— .25 


— .35 


11.15 a.m. 


275 


125 


404 


'S06 


.984 


— .15 


— .25 


— .25 


— .;^ 


11.30 a. m. 


275 


130 


404 


:^7 


.985 


— .15 


— .20 


- .25 


— .40 


11.45 a. m. 


275 


124 


404 


307 


.984 


-.15 


— .20 


-.25 


— .35 


12 m 


275 


138 


404 


306 


.984 


- .15 


— .20 


— .25 


— .35 


12.15 p. m. 


275 


134 


404 


307 


.985 


— .15 


— .20 


— .25 


— .35 


12.30 p. 111. 


275 


129 


404 


306 


.984 


— .15 


— .20 


— .25 


— .35 


12.45 p. m. 


275 


124 


404 


304 


.983 


— .15 


— .20 


- .25 


— .36 


1 p. Ill : 


275 


129 


404 


307 


.984 


— .15 


- . 20 


- .25 


— .:^5 


1.15 p. m.. 


275 


128 


404 


307 


.985 


— .15 


— . 20 


— .25 


-.35 


1.30 p. m.. 


275 


130 ^ 


404 


307 


.984 


— .15 


— .20 


- .25 


-.35 


1.45 p. m.. 


275 


123 


404 


307 


.985 


— .15 


— .20 


-.25 


— .35 


2 p. Ill 


275 


122 


404 


306 


.984 


— .15 


— .20 


— .25 


— .a5 


2.15 p. m.. 


275 


130 


404 


308 


.985 


— .15 


— .20 


— . 25 


— .35 


2.30 p. m.. 


275 


136 


404 


307 


.984 


— .15 


— .20 


— .25 


— .35 


2.45 p. m.. 


275 


124 


404 


307 


.985 


- .15 


— .20 


— .25 


— .35 


3p. m 


275 


132 


404 


306 


.984 


- .15 


— .20 


— .25 


— .35 


3.15 p. m.. 


275 


130 


404 


307 


.984 


— .15 


— .20 


— .25 


— .35 


3.30 p. m.. 


275 


130 


404 


307 


.985 


— .15 


— .20 


— . 25 


— .a5 


3.45 p. m.. 


275 


130 


404 


307 


.984 


— .15 


— .20 


— .25 


— .35 


4 p. m 


275 


124 


404 


307 


.985 


— .15 


— .20 


— .25 


— .35 


4.15 p. m.. 


275 


129 


404 


307 


.984 


— .15 


— .20 


— .25 


— .35 


4.30 p. m-. 


275 


130 


404 


306 


.984 


— .15 


— .20 


— .25 


— .35 


4.45 p. m.. 


275 


122 


404 


307 


.985 


— .15 


— .20 


— .25 


— .35 


5 p. m 


275 


122 


404 


307 


.984 


— .15 


— .20 


— .25 


— .35 


Average . . . 


275 


128.5 






.984 


-.15 


— .19 


— .25 


— .35 




....... 





state of weather, bright sun, no clouds. 

Barometer at noon, tW.70 inches. 

Kind of fuel, Beaumont oil. 

Revolutions of Rcjot blower, 100 per minute. 

Draft openings into furnace, 124 square inches. 
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No. 3. — Test of oil fuel in a Hohermtein waier-Vuhe marine boiler June 26^ 1902. 
[Eight hours' duration with natural draft, using air burners. Oil City Boiler Works burner.] 





P 

5 


1 

& 
B 

t 


TeiD[jeriiHirt. 


Flue uases. 


t 
1 




Time. 


c 
1 

i 


c 


1 

1 


< 


OOt. 


0. 


CO, 


1 
I 
1 

J 


9 a. m 


U>9. 

0.73 
.73 
.73 
.67 
.67 
.79 
.79 
.73 
.73 
.85 
.85 
.85 
.85 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 
.79 


Ins. 
2.5 
2.5 
2.5 
2.25 
2.5 
2.5 
2.5 
2.5 
2.5 
2.25 
2.25 
2.5 
2 
2 

2.25 
2 

2.25 
2 
2 

2.5 
2.5 
2 

2.13 
2.13 
2 
2 

2.13 
2.25 
2.25 
2.5 
2.25 
2.5 
2.5 


o p 

72 
...... 

"'ll' 
...... 

""iK 

v.'.'.'.'. 


'"78* 


°F. 
94 
97 
100 
100 
99 
101 
102 
102 
103 
102 
103 
104 
105 
105 


° F. 

"bib" 
"525" 
'525' 
'508" 
'566" 
'495" 
"495" 
'497"" 
"497" 
'495" 
"497"' 
"497" 
'566" 
'562" 
"566"' 
'565"" 


OF 

90 

91 

92 

94 

95 

96 

97 

98 

99 

100 

100 

100 

102 

102 

102 

103 

103 

104 

104 

105 

106 

106 

106 

107 

108 

108 

108 

108 

109 

110 

110 

110 

111 


P.ct. 


P. ct. 


p.ct 


L6«. 



Lbs. 



9.15 a. m.. 


6.5 


11.5 


0.2 




9.30a. m.- 






9.45a. m.. 


6.4 


ii 


.6 






10 a. m 


786 


9,503 


10.15 a. m . 


6.6 1 10 

1 


1.3 


10.30 a. Ill . 






10.45 a. m . 


6.6 


10.2 


.9 







11 a. m 


748 


9,061 


11.15 a.m. 
11.30a. 111. 


7.1 


9.6 


.6 




11.45 a. m. 


7.8 


9.6 


.5 






12 m 


759 


9,537 


12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

Ip. m 

1.15 p. m.. 
1.30 p. m-. 
1.45 p. m.. 

2p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3p. m 

3.15 p. m.. 
3.30 p. m.. 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 p. m.. 
5p. m 


7 


10.3 


.6 


104 

106 

80 106 

108 

109 

109 

82 1 110 

' 109 

Ill 

112 

82 111 

109 

112 

i 110 

82 1 111 

114 

112- 

112 

82 i 114 






7.2 


9.3 


.9 


"751" 


*9,'895 


7.5 


9.5 









7.8 


9.7 


6 






765 


10,066 


7.4 


10.6 


.3 






7 


11.4 









769 


9,482 


7.8 


10.2 


.1 






7.5 


10.5 


.2 


'773" 


16," 373 


7.8 


9.9 


.2 


7.8 


9.9 


.4 






771 


10,083 


Average . . . 


.78 




79 ' 106 


503.6 


102.5 


7.24 


10.2 


.425 


765 


9,750 



A Brown quick-reading pyrometer placed on the floor of the furnace with the platinum fully 
exposed to the direct radiations from the flames registers 1,600° F. under the middle burners. At a 
point about 18 inches in front of the burner tip and 6 inches below its center line the temperature is 
1,950° F. The corresponding temperatures for the side burners are about 100° lower. The flumes 
reach for the most part to the middle of the combustion chamber. Only rarely do flames penetrate 
the tube chamber. 

5.10 p. m. The smoke was very uniform throughout the test and so slight as to be barely visible. 
There are three irregular patches of carbon deposit, one on each side wall of the furnace and one on 
the back wall. The largest one, on the right rade, is dome-shaped, and fully 4 inches thick in the 
center. 

Total pounds oil burned, 6,122. 

Total pounds water fed, 78.000. 
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NAVAL ''LIQUID FUEL " REPORT. 

No. 4. — Test of oil fuel in a Hohengtein waJter-iuhe marine boiler June £7, 1902, 
[Three hours' duration, with forced draft, using air burners. Oil City Boiler Works burner.] 







ti 


Calorimeter. 


Draft pressures In inches of water. 




S 


1 

1 


















i 


1 








i 






Time. 


£ 


"S! 


i 


£ 


S 






X 


u 






c 


£ 


IL 


i 


S 






1 
1 


J! 


•g 




steam prcMf 


TeraperatU] 


Higher tem 


Lower tem] 


I Quality of i 


£ 


£ 


; Tube Cham 


1 




LbB, 


°F. 


^F. 


o/l 






10 a. Ill 


275 


128 


402 


298 


0.980 


3.20 


2.75 


2 


1.25 


-0.35 


10.15 a. m. 


275 


122 


402 


298 


.980 


3.20 


2.75 


2.10 


1.25 - .35 


10.:^ a. m . 


275 


120 


402 


300 


.981 


3.20 


2.75 


2.10 


1.25 - .35 


10.45 a. m. 


275 


118 


402 


300 


.981 


3.20 


2.75 


2 


1.25 - .35 


11 a. Ill 


275 


116 


402 


300 


.982 


3.20 


2.75 


2.10 


1.25 - .35 


11.15 a. m. 


275 


118 


402 


300 


.981 


3.20 


2.75 


2 


1.25 


- .35 


11.30 a. m. 


275 


118 


402 


300 


.981 


3.20 


2.75 


2 


1.25 


- .35 


11.45 a. Ill . 


275 


118 


402 


298 


.980 


3.20 


2.50 


2 


1.25 


- .40 


12 m 


275 


120 


402 


298 


.981 


3.20 


2.40 


2 


1.25 


- .45 


12.15 p. m. 


275 


118 


402 


300 


.982 


3.20 


2.40 


2 


1.25 


- .50 


12.30 p. m. 


275 


116 


402 


300 


.981 


3.30 


2.40 


2 


1.25 


- .50 


12.45 p. 111. 


275 


118 


402 


300 


.981 


3.40 


2.40 


2 


1.25 


- .50 


1 p. m 


275 


118 


402 


300 


.982 


3.50 


2.40 


2 


1.25 


- .50 


Average... 


275 


119 


1 


.981 


3.25 


2.60 


2.02 


1.25 


— .41 


1 





State of weather, bright sun, few cloudn. 

Barometer at noon, 29.94 IncheK. 

Kind of fuel. Beaumont oil. 

Revolutions of fan blower, 483 per minute. 

Revolutions of Root blower, 219 per minute. 

Draft openings Into furnace, 666 square inches. 

11.20 a. m.: Where the smoke is densest near the stack it has a peculiar pale-blue tint, different 
from the smoke from a coal fire. It Is the color of the smoke as seen against the dark background of 
the smoke Itself— 1. e.. It is the color by reflected light. The phenomenon suggests that the particles 
of soot are much finer than in the smoke from coal. Generally the smoke is more like that from a 
coal fire. 
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OIL TESTS. 



Ill 



No. 4. — Text of oil fud in a Hohenstein water-tube marine boiler June ;?7, 190g, 
[Three hours' duration, with forced draft, using air burners. Oil City Boiler Works burner.] 





1, 

3 •- 
< 


1 
& 

s 

II 

o 

1 


Temperature. 


Flue gaJKd. 


1 




Time. 


-a 

1 

9 

o 


1 

d 

< 

°F. 
102 
103 
106 
108 
106 


M 

"i 

1 


< 


Oh. 


0. 


CO. 


I 

1 

1 


10 a. m 


Lbs. 
3.65 
3.65 
3.65 
3.41 
3.29 
3.16 
3.29 
3.29 
3.16 
3.10 
3.16 
3.41 
3.65 


Ins. 
2 

1.75 
2 




80 


°F. 

760 
786 


116 
119 
120 
121 
121 
122 
122 
122 
123 
124 
124 
126 
126 


P.ct. 


P.ct. 


P.ct. 


Lbt. 




Lbs. 



10.15 a. m. 


6.7 


11.5 


0.5 






10.30 a. m . 


1 




10.45 a. m . 
11 a. m 


2 

2.5 

2 82 


6.9 


11 


.2 


2,685 


27,844 


11.15 a. m. 


107 . 8.^'5 


7.5 


10.3 


.2 




11.30 a. m. 


2 108 






11.45 a.m. 
12m 


1.75 1 

2 


109 
110 
111 
111 
111 
m 


875 
917 
950 


8. 1 9. 8 .4 


1 

2,846 29,388 

1 


12.15 p. m. 
12.30 p. m. 
12.45 p. m. 
1 p. m 


2 
2 


82 


8 


9.7 .2 


1.75 
2 




7. 7 


10. 1 .2 


3,071 31,372 










Average . . . 


3.37 81 

1 


108 


854 ' 122 ' 7.5 , 10.4 .3 2,867 29,535 

, 1 1 ■ 1 ! 



11.43 a. m.: A pane of glass (southwest window), weakened by the direct radiations from a large 
red-hot area of tne casing about 3 feet away, blew out. A board was placed over the opening within 
fifteen seconds. About one-third of the casing opposite the combustion chamber on the southwest 
side of the boiler is red-hot. Six bricks, fallen from the second baffle, lie on the floor of the combus- 
tion chamber. The Root blower engine crank pin got smoking hot, and a stream of water had to be 
played on it during the second half of the test. Water leaked from the feed stop valve, but was 
caught in a pail and returned to the feed tank. 

1 p. m., end of test: There is very little caked carbon on the walls of the furnace. The second baffle 
is badly damaged. Average smoke during the test, 2.5 by Ringelmann charts. As the text progressed 
the amount of smoke gradually increased from 1 to 4, due, doubtless, to the short circuiting of the 
hot gases through the damaged baffle. 

Total pounds oil burned, 8.602. 

Total pounds water fed, 88,604. 
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NAVAIi "LIQUID FUEL" REPORT. 



No. 5. — TeM of oU fuel in a Hohenstein tvater'tu^te marine boUer, August f, 190£. 
[Five houra* duration with natural draft, UHlng air burners. Oil City Boiler Works burner.] 





IJb9. 


u 

1 

1 

•s 

1 

s 


Calorimeter. 


Draft pressures in inches of water. 


Time. 


t 

% 


! 

1 

1 


Quality of steam. 

1 


1 
Combustion chamber. 


Tube chamber. 


^ Above tubes, below drums. 


1 

K 

"c 

1 




-F. 






10a.m 


275 




405 


308 


0.985 


—0.2 


— 0. 275 


-0.30 


—0.4 


10.15 a. lu . 


275 


130 


404 


308 


.985 


— .2 


— . 275 


— .30 


— .4 


10.30 a, m . 


275 


124 


404 


308 


.985 


— .2 


— . 275 


— .30 


— .4 


10.45 a. m . 


275 


123 


404 


309 


.986 


— .175 


— . 275 


— .30 


— .4 


11 a. m 


275 


134 


404 


308 


.985 


-.175 


— .275 


- .33 


— .4 


11.15 a. m . 


275 


118 


404 


308 


.985 


— . 175 


— .275 


— .32 


— .4 


11.30 a. m . 


275 


126 


404 


309 


.985 


— .2 


— .275 


— .33 


— .4 


11.45 a. m . 


275 


125 


404 


309 


.986 


— .2 


— .275 


— .32 


— .4 


12 m 


275 


122 


404 


310 


.987 


— .2 


— .275 


— .33 


— .4 


12.15 p. 111. 


275 


132 


404 


310 


.986 


— .2 


— .275 


— . 32 


— .4 


12.30 p. m. 


275 


132 


404 


310 


.986 


— .2 


-.3 


- .33 


— .4 


12.45 p. m. 


275 


127 


404 


310 


.987 


- .2 


— .3 


— .32 


— .4 


1 p. m 


275 


136 


404 


310 


.986 


— .2 


- .275 


— .33 


— .4 


1.15 p. in.. 


275 


140 


404 


310 


.986 


— .2 


— .3 


— .32 


— .4 


1.30 p. 111.. 


275 


138 


404 


310 


.987 


— .2 


— .3 


— .28 


— .4 


1.45 p. 111.. 


275 


136 


404 


310 


.986 


— .2 


— .3 


-.25 


— .4 


2p. m 


275 


140 


404 


310 


.986 


— .225 


— .275 


— .25 


— .4 


2.15 p. m.. 


275 


110 


404 


310 


.987 


— .225 


— .3 


— .23 


— .4 


2.30 p. m.. 


275 


124 


404 


310 


.986 


-.225 


— .285 


-.25 


— .4 


2.45 p. m.. 


275 


136 


404 


310 


.986 


-.2 


-.285 


— .23 


. 


3 p. m 


275 


134 


404 


310 


.987 


— .225 


- .3 


— .22 


— .4 


Average . . . 


m 


129 


1...... 


.986 


— .201 


— .284 


— .29 











Stat« of weather, bright sunny day. 

Barometer at noon, 30.13 inches. 

Kind of fuel, Beaumont oil. 

Revolutions of Root blower, 186.8 per minute. 

Draft openings Into furnace, 275 square inches. 



on. TESTS. 
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No. 5. — Tesl of oil fuel in a HohensUin water-tube marine boiler, August 2, 1902, 
[Five hours' dmation with natural draft, using air burners. Oil City Boiler Works burner.] 





5 


1 

1 


Temperature. 


Flue gases. 


1 

o 

IJm. 





Time. 


! 


B 
5 


1 


o 

a 

£ 
< 

107 
110 
112 
115 
116 
118 
118 
119 
120 
120 
121 
122 
123 
123 
123 
123 
123 
123 
124 
124 
126 


CO,. 


0. 


CO. 
P.ct. 


1 
"t 

3 

1 


10 a. m 


Lbs. 

1.46 
1.46 
1.46 
1.46 
1.46 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Ins. 
2.75 
2.75 
2 

2.75 
2.25 
2.25 
2.25 
2.75 
2.75 
2.75 
2.5 
2.25 
2.75 
2.75 
2.75 
2.5 
2.5 
2.75 
2.75 
2.75 
2.75 


82 
82 
83 
85 
86 
86 
87 
87 
87 
87 
88 
89 
89 
88 
88 
88 
87 
87 
87 
88 
88 


op 

100 
102 
106 
108 
109 
110 
110 
112 
113 
113 
115 
117 
118 
116 
114 
112 
112 
113 
116 
118 
114 


565 

550 

550 
...... 

555 

560 

563 

550 

560 

560 

558 


P.cL 


P.ct. 


Lbs. 



10.15 a. m. 


8.2 


9.6 







10.30 a. m . 






10.45 a. m. 


7.8 


9.6 


.3 


1 


11a.m.-.. 


984 '11,531 


11.15 a.m. 
11.30 a. m. 


7.8 


9.9 


.2 


1 


11.45 a. m . 


7.8 


10.1 





i 


12m 


935 


11.894 


12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 
1.45 p. m.. 

2p. m 

2.15 p. m.. 


7.7 


10.1 


.1 




7.9 


9.6 


.2 


950 


12.047 


7.5 


10.2 


.1 





7.7 


10.5 


.3 


896 11, 507 


7.5 


10.4 





2.30 p. m.. 
2.45 p. m.. 
3 p. m 


1 


7.3 


10.4 


.1 






903 


11,550 









Averaj<e . . . 


1.41 




87 


112 


557 


120 


7.7. 


10.0 


.13 


933.6 


11,706 



The casing and baffles have been overhauled and repaired since the last test (on June 27) and asbes- 
tos boards have been placed underneath the fire-brick floor of the furnace. All parts of the casing 
remained comparatively cool throughout the test. 

Temperature in furnace over flames from middle burners, 2,200° F. 

Smoke very uniform, averaging 0.4 by Ringelmann charts. 

Total pounds oil burned, 4,668. 

Total pounds water fed, 68,&29. 
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NAVAL ''LIQUID FUEL BEPOBT. 



No. 6. — Tegt of ail fuel in a Hohenstein waUr4ube marine boiler, August 4 to .9, 190f. 

[Endurance test of 116 hours* duration with natural draft, using air burners. Oil City Boiler Works 

burner.] 





Watch. 


Maximum and minimum values observed durlnj^ each watch. 




1 
S 


i 

1 

t 

1 


1 


Temperature. 


Root 
blower. 


Date. 


1 

1 


II 

1 


i 

s 


c 

u 




1 

S 

E 

p- 


evolutions per 
minute. 

Ir pressure per 
square inch. 






00 H 


<y 




O 


< 

°F. 


CD 




o; 


< 






IM.\ o/-. 


°-P, 


IJU, 


Aug. 4 


12 m. to 4 p. m 


275 127 


0.986 


3.50 


93 121 


55M 122 


m 1.341 






275. 117 


.984 


2 


88 110 


ms 106 


H5 . 85' 




4 p. m. to 12 p. m.. 275 119 


.987 


4 


88, 124 


^75 126 


m L4g; 




1 275 116 


.986 


2 


75 110 

1 

80 112 


55R 


no 


97 

m 


L28 


Aug. 5 


12 p. m. to 8 a. m .. 275 122 


.9863 


575 


112 


1.34 




1 275 117 


.9862 


70 104 


572 


104 


m L22 




8a. m. ti>4p. m... 275 122 


.9863.25 


88 120 


590' 122 


HH \.U 




275 112 


.9862.50 


80 108 


570 108 


M2 1.22 




4 p. m. to 12 p. m.. 275 120 


.987 2.75 


88 120 


590 122 


ItHI L34 




1 275 118 


.986 


2 

3 


80 116 
82 116 


585 


118 
118 


97 l.U 
10-1 L40 


Aug. 6 


12 p. m. to 8 a. m.. 275 122 


.987 


610 




1 255' 102 


.9852 


73 104 


58,5 107 


^4, 1.22 




8 a. m. to 4 p. m... 275 120 


.9875 


95 125 


610| 122 


104 1.34 




255 102 


.9852.50 


73 108 


565 112 


91 1.16 




4 p. m. t<) 12 p. m.. 275 130 


.9873.50 


73 112 


605 118 


104 1.40 






270 
270 


112 


.985 


2.50 
3 


72 
74 


104 
116 


565 
598 


106 
114 


90 1.16 

1 

100, 1.40 


Aug. 7 


12 p. m. to 8 a. m .. 


124 


.987 




2701 118 


.98612 


69 


107 


590 


110 


921 1.22 




8 a. m. to 4 p. m..., 276 128 


.9874 


90 


116 


600 


114 


100 1.40 




! 270 112 


.9852 


74 


108 


585 


108 


95j 1.22 




4 p. 111. to 12 p. m.. 275 124 


.9a54 


81 


118 


595 


116 


lOO' 1.40 




; 270, 110 


. 9a5 2 
,985 3.75 


74 
74 


100 
106 


595 


108 


97 
103 


1.34 


Aug. 8 


12 p. m. to 8 a. m . . 275" 124 


595 


108 


1.40 




265! 119 


.98311.50 


70 


98 


550 


101 


92 1.34 




8 a. m. to 4 p. m... 274 128 


. 985 3. 75 


88 


119 


625 


124 


95, 1.40 




272 114 


.9^31.50 


73 


101 


565 


102 


92 1.28 




4 p. ni. to 12 p. m.. 274 125 


.9832.50 


87 


121 


605 


129 


102 1.40 




1 271 116 


.9821.75 


74 


111 


585 


110 


92 1.40 


Aug. 9 


12 p. m. to8a. m.. 275, 128 


.9823 


80 


118 


590 


116 


95| 1.40 




1 273 
Average of hourly ' 


120 


.982 


2 


74 


103 


590 


ia5 


94 


1.34 




















observations 273 119.4 


.985.... 


79 


112 


585 


113. 5 


m 


1.31 



Kind of fuel. Beaumont oil. 

Draft openingH into furnace, 348 square inches. 

Total pounds of water fed, 1,192, 4S2. 



OIL TESTS. 
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No. 6. — Test of oU fuel in a Hohenstein water-tube marine boiler , Aug^ist 4 to P, 190^, 

[Endurance test of 116 hours* duration with natural draft, using air burner?. Oil City Boiler Works 

burner.] 



Maximum and minimum values ob- | ^.^ 
served during each watch. ' ^"• 


g 


Flue gases. 


s 


1 


Draft present in inches of water. 


•a 




s 












'% 




u . 


•a 
S 

1 

i 
a 








ce 


1 




1 


jl 


1 



1 






1 

1 


i 


d 


8 


1 












Lb«. 


Lbs. 


Lbs. 


p.m. 


p. €t. 1 P. Ct. 


P.cL 


Ins. 


-0.25 


-0.20 


-0.30 


-0.40 


-0.40 


818 


9,942 


1.45, 7.4 ! 10.8 


0.1 


29.99 


- .15 


- .20 


- .20 


- .35 


- .40 


3,270; 3,270 


39, 769 


2 ' 7. 4 , 10. 7 







- .20 


- .20 


- .30 


- .40 


- .45 


864; 


10,580 








29.82 


- .15 


-.20 


- .25 


- .30 


- .40 


6,912 


10, 182 


84,638 












- .20 


- .25 


- .33 


- .40 


- .50 


826 




10,133 


a. m. 








30.03 


- .13 


- .20 


- .28 


- .33 


- .45 


6,608 


ie, 790 


81,064 












- .18 


- .25 


- .30 


- .38 


- .48 


847 


10,520 


8.45 


7.5 


10.3 


.1 


30.00 


- .15 


- .20 


- .27 


- .35 


- .40 


6,77323,563 


84,156 


9.15 


7.6 


10.2 







- .18 


- .25 


- .28- .35 


- .46 


8471 


10,518 










29.76 


- .17 


- .22- .25 


- .33 

- .40 


- .406,77230,335|84,148 












- .20- .28'- .30 


- .50 


872 10,657| i ' 




29.87 


- .15- .25- .25,- .33 


- .45 


6,97437,30985,253 


i 








- .18- .28- .35- .40 


- .50 


848 10,437 


9.30 7.8 


10.1 





29.86 


- .13- .22- .30- .35 


- .45 


6,78044,08983,495 


10 7.8 


10 • 







- .20- .28- .351- .45 


- .50 


838, |10,256 






29.69 


- .13- .23- .28 


- .40 


- .48 


6, 704 50, 793 
8371 


82,044 










29.89 


- .20- .25|- .35 


- .45 


- .50 


10.251 










- .18 


- .23- .30 


- .40 


- .506,69457,487 82,007 








1 


— .18 


- .25- .33 


- .43 


- .50| 836 10,414 


10.30 


7.9 


10.8 


.3 29.98 


- .15- .23- .30 


- .40 


- .48'6, 687 64, 174 83, 315 


10.45 


7.8 


10.1 


.1 1 


- .20- .25- .33 


- .40 


- .481 820 10.140 








29.77 


- .15- .23- .28 


- .a5|- .486,559 70,73381,119 












- .20- .25- .35 


- .45I- .50 819 10,151 










29.89 


!- .20- .23- .28 


- .40 


- .486,55177,28481,204 












1- .20- .25- .33 


- .40 


- .50, 816 110,127 


9.30 


7.8 


9.7 





29.91 


- .18- .20- .25 


- .35 


- .456,52983,81381,013 


10 


7.8 


9.8 







- . 19 - . 22 - . 31 


- .40 


- .481 809 10.145 






i 


29.81 


- .15- .20- .28 


- .35 


- .41 


^,452 

782 


90,265 


81,163 
9, 762 












- .18- .22- .30 


- .40- .43 


1 








30.05 


- . 15 - . 20 — . 30 


- .35- .42 


6,25296,517 78,094 




7.68 






- . 17 - . 2;^ - .30 

1 1 


1 
1 

- .36- .46 

1 


832 |l0,280 («) 


10. 25 . 06 29. 89 

1 1 



a Average. 

State of weather: August 4, clear; August 5, 12 p, m. to 8 a. m., clear; 8 a. m. to 12 p. m., cloudy; 
thunderstorm. August 6, 12 p. m. to 8 a. m.. rain; 8 a. m. to 12 p. m., thunderstorm. August 7, clear 
and cool. August 8, clear, then partly cloudy. August 9, partly cloudy. 
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NAVAL ' ' LIQUID FCTEL " BEPOET. 



No. 7. — Test of oil fuel in a Ilohenstein vxiier-tube tnarine boiler ^ August 16, 1902. 

[Six hours' duration with natural draft, but with the Root blower working at its maximum capacity. 

Oil City Boiler Works burner.] 









Calorimeter. 


5 


Draft preasurea in inches of watet. 




i 


1 , 








1 


























X 

V 

1 




Time. 


0. 

1 


1 



sj Temperature of feed ^ 


i 

-a 

s 


I* 
% 

5 


"3 


a 

•s 

1 

Ins. 




Combustion chamber 




M 




IJbs. 


OF, 








10.15 a.m. 


265 


116 


390 


305 


0.989 


1.5 


-0.10 


-0.15 


-0.20 


-0.35 


-0.50 


10.30 a.m. 


265 


114 


390 


312 


.993 


2 


- .10 


- .15 


- .20 


- .35 


- .53 


10.45 a.m. 


273 


114 


392 


312 


.992 


3 


- .10 


- .13 


- .18 


- .35 


- .52 


11 a. m . . . 


274 


120 


392 


314 


.993 


3 


- .10 


- .12 


- .20 


-.3,5 


- .53 


11.15 a.m. 


274 


120 


392 


314 


.993 


2.5 


- .10 


- .13 


-.20 


-.35 


- .52 


11.30 a.m. 


274 


119 


392 


314 


.993 


2.5 


- .10 


- .12 


- .20 


- .35 


- .53 


11.45 a.m. 


274 


122 


391 


314 


.993 


2 


- .10 


- .13 


- .20 


- .35 


- .52 


12m 


274 


120 


390 


314 


.994 


2 


- .10 


- .12 


-.20 


- .35 


-.53 


12.15 p.m. 


275 


122 


390 


316 


.995 


3 





- .13 


- .20 


- .35 


- .52 


12.30 p.m. 


275 


122 


390 


316 


.995 


2.5 





- .12 


- .20 


- .35 


- .53 


12.45 p.m. 


272 


118 


390 


316 


.995 


2.5 


- .10 


- .13 


- .20 


- .35 


-.52 


1 p. m 


275 


120 


390 


316 


.995 


2 


-.10 


~ .12 


-.20 


- .35 


- .53 


1.15 p.m.. 


275 


118 


390 


316 


.995 


2.5 


- .08 


- .10 


- .20 


- .35 


- .52 


1.30 p.m.. 


275 


120 


390 


316 


.995 


3 


- .10 


- .10 


- .20 


- .35 


- .53 


1.45 p.m.- 


275 


121 


390 


316 


.995 


3 


- .10 


- .13 


-.23 


- .38 


- .55 


2 p. m 


275 


120 


390 


316 


.995 


2.5 


- .10 


- .12 


-.20 


- .37 


- .55 


2.15 p.m.. 


275 


122 


390 


316 


.995 


2.5 


- .10 


- .13 


-.20 


- .38 


- .55 


2.30 p.m.. 


276 


122 


390 


316 


.995 


2.5 


- .10 


~ .12 


-.20 


-.37 


- .58 


2.45 p.m.. 


275 


120 


390 


316 


.995 


2.5 


- .10 


- .13 


- .23 


- .38 


- .57 


3 p. m 


275 


120 


390 


318 


. Win} 


3 


- .10 


- .12 


- .22 


- .37 


- .58 


3.15 p.m.. 


276 


120 


390 


320 


.997 


3.5 


- .10 


- .13 


- .23 


- .38 


- .57 


3.30 p.m.. 


276 


120 


390 


320 


.997 


2.5 


- .10 


- .15 


- .22 


- .37 


- .58 


3.45 p.m.. 


276 


122 


390 


320 


.997 


2.5 


- .10 


- .15 


- .23 


- .38 


- .57 


4 p. m 


276 


120 


390 


320 


.997 


2.5 


- .10 


- .15 


-.22 


- .37 


- .58 


4.15 p.m.. 


276 


120 


390 


320 


.997 


2.5 


- .10 


- .15 


- .23 


- .38 


- .57 


Average . . 


274 


119.7 




.995 




- .09 


- .13 


- .21 


- .36 


— .54 







State of weather, thin fleecy clouds. 

Barometer at noon, 30.10 inches. 

Kind of fuel, Beaumont oil. 

Revolutions of Root blower, 246.7 per minute. 

Draft openings into furnace, 642 square inches. 

The smoke varied from to 1, averaging about 0.4 by Ringelmann charts. 



OIL TESTS. 
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No. 7. — Test of oil fuel in a Hohemtein water-tube marine boiler j August 16, 1902, 

[Six hours' duration with natural draft, but with the Root blower working at its maximum capacity. 

Oil City Boiler Works burner.] 





1 

u 

< 


Temperature. 


Flue gases. 


g 

u 
C 

S 

§ 




Time. 


1 


< 


•s 
1 


1 


COj. 


0. 


CO. 


I 
I 

U 

1 


10.15 a. m . 


Lbs. 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.75 
4.75 
4.75 
4.75 
4.75 
4.75 
4.76 


°F. 

73 
73 
74 
74 
75 
75 
76 
77 
77 
78 
78 
80 
79 
79 
80 
80 
78 
80 
80 
79 
79 
79 
79 
79 
79 


°F. 
95 
98 
100 
101 
104 
108 
111 
110 
114 
110 
113 
120 
120 
122 
126 
128 
130 
134 
135 
142 
138 
138 
135 
136 
133 


°F, 

710 
710 
730 
725 
725 
740 
745 
748 

760 

...... 

777 

790 
...... 

800 


OF. 
124 
132 
138 
143 
148 
149 
154 
157 
158 
160 
160 
161 
160 
166 
168 
170 
170 
172 
173 
174 
176 
178 
176 
178 
178 


P.ct. 


P.ct. 


P. ct. 


Lb9. 




Lbs. 



10.30 a. m . 


10.2 


6.9 


0.1 




10.45 a. m . 






11 a. m ... - 


9.9 


6.6 


.5 






11.15 a. m . 


1,501 


17,226 


11.30 a. m . 


10 


6.6 


.2 




11.45 a. m . 






12 m 


10.2 


6.4 


.4 






12.15 p.m. 
12.30 p. m . 
12.46 p. m . 

1 p. m 

1.15 p. m .. 
1.30 p. m .. 
1.45 p. m .. 

2 p. m 

2.15 p. m -. 
2.30 p. m . . 
2.45 p. m .. 

3 p. m 

3.15 p. m .. 
3.30 p. m .. 
3.45 p. m .. 

4 p. m 

4.15 p. m . . 


1,477 


17,383 


9.7 


6.6 


....... 

.5 








10 


6.8 


.2 






1,465 


17,002 


10.3 


6.6 


.1 






9,8 


7.1 


.1 






1,566 


17,639 


9.8 


7 


.5 








10.3 


6.4 


.3 






1, 558 


18,073 


10,7 


6.3 


.2 






10.4 


6.4 


.2 






1,522 


17, 673 









Average ... 


4.66 


77.6 


120 


747 


161 


10. 1 


6.64 


.276 


1,515 


17,499 



Temperature near middle of furnace, 2,200^ F. 
Temperature of gases iust after turning edge of first baffle. 2,090° F. 

Toward the close of the test the temperature over the platform in the fireroom reached 220° F., a 
serious objection to this method of forcing combustion. 
Total pounds oil burned, 9,069. 
Total pounds water fed, 104,996. 



118 



NAVAL ' ' LIQUID FUEL " BEPOBT. 



No. 8. — Te9t of oil fuel in a Hohenstein water-iube marine boiler, Augutt SO, 190S, 
[Three hours' duration with forced draft, using air burners. Oil City Boiler Works burner.] 







i 


Calorimeter. 


1 


Draft pressures in inches of water. 




1 


t 








1 






























Time. 


g 
Lbs. 


t 
1 


i 


1 
1 


1 


ii 

1 




1 


1 


1 
1 


i 




OJ? 


o/-. 




Int. 








- 




11a.m... 


277 


120 


384 


298 


0.987 


1.5 




3.2 


2.3 


1.8 


-0.4 


11.15a.m. 


278 


120 


384 


298 


.987 


2 


I 


3.2 


2.3 


1.8 


- .5 


11.30 a.m. 


278 


120 


384 


298 


.987 


2.5 


3.3 


2.3 


1.8 


- .5 


11.46 a.m. 


278 


128 


385 


298 


.986 


2 


a 


3.4 


2.3 


1.8 


- .5 


12m 


277 


120 


386 


302 


.989 


2.6 


1 


3.6 


2.3 


1.8 


- .5 


12.15 p.m. 


278 


118 


386 


306 


.991 


2.6 





3.5 


2.3 


1.9 


- .5 


12.30p.m. 


277 


118 


386 


306 


.991 


2 


> 


3.6 


2.3 


1.9 


-.5 


12.45p.m. 


277 


118 


386 


306 


.991 


3 


1 


3.5 


2.3 


1.9 


-.5 


1pm 


277 


116 


386 


306 


.991 


2.5 


3.6 


2.3 


1.9 


- .6 


1.15 p.m.. 


278 


118 


386 


302 


.988 


2 


1 


3.5 


2.3 


1.9 


- .6 


1.30 p.m.. 


278 


118 


386 


298 


.986 


2 


3.5 


2.3 


1.9 


- .6 


1.45 p.m.- 


277 


114 


386 


302 


.988 


3 


1 


3.5 


2.3 


1.9 


- .6 


2p.m 


278 


115 


386 


302 


.988 


2.5 




3.5 


2.3 


1.9 


- .6 


Average . . 


277.5 


119 






.988 




3.75 


3.4 


2.3 


1.86 


— .53 









State of weather, smoky; occasional clouds. 

Barometer at noon, 30. 08 inchcH. 

Kind of fuel, Beaumont oil. 

Revolutions of fan blower, 606. 

Revolutions of Root blower, 248. 

Draft openings into furnace, 642 square inches. 



OIL TESTS. 
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No. 8. — Test of oil fud in a Hohenstein water-tube marine boiler, August 20, 1902, 
[Three hours' duration with forced draft, udng^ air burners. Oil City Boiler "Works burner.] 



Time. 



I. 

Is 

h 



11 a.m 

11.15 a.m. 
11.30 a.m., 
11.45 a.m.. 

12m 

12.15 p.m.. 
12.30p.m.. 
12.45 p.m. 

Ip. m 

1.15p. m... 
1.30p.m.. 
1.45 p.m.. 
2 p. m 

Averaj<e . . 



Lbt. 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 



4.68 



5 



80 
80 
80 
81 
81 
81 
82 
82 
82 
83 
83 
83 
84 



Temperature. 



M 



918 



927 



110 I 

112 

112 

113 

113 

114 

115 

116 

117 

117 

117 

117 , 1,015 

118 



1,200 
1,027 
1,015 



82 I 115 1,017 

I I 



Flue gases. 



I 



CO,. 



CO. 






I 



I 

(4 



11.1 .3 



°F. P.ct. P.ct. P.ci. I Lbs. 

132 ! 

133 7.2 10.5 I 0.3 ! 

133 

134 I 6.9 

134 I 

136 8.6 

136 

136 8. 1 
138 



138 
138 
138 
138 



8.2 
8.2 



J_ 



136 , 7.87 



3,143 



8. 3 .2 



9.4 
9.5 



0.0 



3,454 



9.2 .2 



9. 66 . 22 



3,312 



3,303 



Lbs. 




29,672 



31,469 



32,244 



31, 128 



yer>- thick black smoke throughout the test. 

From 12.15 p. m. to end of test, continuous flaming in stack. 

After test was over, 42 pounds of carbon were removed from furnace. 

Total pounds oil burned, 9,909. 

Total pounds water fed, 93,385. 
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NAVAL ''LIQUID FUEL" BEPOBT. 

No. 9. — Test of oil fuel in a Hohenstein ivaler-tube marine boiler , September i-f, 190S, 
[Six hours' duration with natural draft, using " Hayes" steam burners.] 




State of weather, partly cloudy. 

Barometer at noon, 30.16 inches. 

Kind of fuel, Beaumont oil. 

Draft opening into funiace, 180 square inches. 

Pressure in oU-pipe air chamber. 20.3 pounds. 

Temperature over flreroom platform, average, 165° F., maximum, 170° F, 



OIL TE8T8. 
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No. 9. — Test of oil fuel in a Ilohenstein water-tube marine boiler, September U^ 190^. 
[Six hount' diirHtion with natural draft, usingr " Hayes" steam burners.] 



Time. 



Draft pressures in inches of water. 



e 






s 

6 



1.30 p. m..'— 0.20 
1.46 p. in. .[- .20 

2p. m j— .18 

2.15 p. m.. - .19 
2.30 p. m .. — .20 
2.45 p. m.J- .18 

3p. m - .21 

3.15 p. m..- .20 
3.30 p. m .. — .20 
3.45 p. m .. - .20 

4p. m \- .20 

4.15 p. m.. - .20 
4.30 p. m-. - .20 
4.45 p. m.. - .20 

5p. m - .20 

5.15 p. m..— .20 
5.30 p. m..,— .21 
5.45 p. m.J- .22 

6p. m — .22 

6.15 p. m.. — .22 
6.30 p. m..- .22 
6.45p. m..- .22 

7p. m - .22 

7.15 p. m.. — .22 
7.30 p. m..- .22 

Average ... - . 205' 



-0.20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 



- .20 - .20 



- .21 
-.211 

- .21 

- .21 

- .21 

- .21 

- .21 
- .21 

- .21 



21 
21 

- .21 

- .21 

- .21 

- .21 

- .21 

- .21 

- .21 



I 



Flue gases. 



0. 20 

- .20 

- .20 

- .22 

- .20 
.22 

- .20 

- .20 

- .20 

- .20 

- .20 
- .20 

- .20 

- .20 

- .20 



-0. 32 
- .38 

- .a5 



204'- .205 



- .38 

- .40 

- .38 

- .38 

- .40 

- .40 

- .40 

- .40 

- .40 

- .41 

- .41 

- .41 

- .41 



- .38 



CO,. 



O. 



P.rt. 
5.6 



P. a. 
12.7 



4. 8 13. \ 



CO. 



PM. 
0.2 










Ihs. 







IM, 



. 00 
.32 


.... 


572 


456 


6,702 


.38 1 








.38 

.38 

.38 








601 


402 


7, 311 


35 










35 










.;i5 











602 



6 I 12.8 



5.6 I 13 



5.5 



13. 05 



590 



.1 639 



596 



553 i 7,241 



459 7,480 



295 7,691 



459 



.27 600 



421 7,294 



10.30 a. m. Started Area. The boilers were under steam yesterday and the water Ls already quite 
warm. 

12.30 to 1.30 p. m. Data taken during this period shows about the same evaporative capacity as 
during the succeeding six hours. The smoke ranged from 4 to 1. Average |. by Rlngelmann charts. 
A few ounces of carbon was deposited near the right-hand burner orifice. The burners made c«m- 



paratlvely little noise, probably not more than a quarter as much as the compressed-air burners used 

in theprecedin] - ^. - - .- « 

tube chamber. 



I the preceding eight tests; but on the other hand the flames were longer, reaching well into the 



Total pounds oil burned, 3,600. 

Total pounds steam used by burners, 2,624. 

Total pounds water fed, 48,761. 
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NAVAL "LIQUID FUEL" BEPOBT. 



No. 10. — TeH of oil fuel in a Ifohenstein water-tube marbie boiler ^ September 19, 1902. 
[Eiffht hours' duration with natural draft, usinsr Rteam burnem. Oil City Boiler Works burner.] 



I 



Calorimeter. 



Time. 



I 

c 
t 

3 
g 

s 



a 



t 

la 
3 



S 



n 

IP'S, 






Temperature. 



I : 



g c 

I I 



IM. 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
270 
275 
275 
275 
275 
275 
275 
275 
274 
274 
275 
275 
274 
274 
274 
274 
275 



118 

120 

118 

118 

115 

118 
: 116 

115 

118 

110 

112 
' 118 
' 120 

120 
; 120 
! 118 

118 

118 

120 

122 

120 ' 

! 122 I 

I 1^« I 

118 ' 
i 118 I 

118 

120 

120 

120 

120 

118 

120 



;i80 

380 

380; 

380' 
380 
380 
380 
380! 
382 
380 
380 
380, 
380 
384 
384 
384! 
384 
:^84 
384 
384 
384' 

:^4! 

384 
384' 
384 
380 
380 
380 
3801 
380 
380 
380 

:^o 



10.30 a.m. 
10.45 a. in. 

1 1 a, in . . . 
11.15 a. m. 
11.30 a. m. 
11.45 a. m. 

12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2pm 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p. m.. 

5 p. m 

6.15 p.m.. 
5.30 p. m.. 
5.45 p.m.. 

6 p. m 

6.15 p.m.. 
6.30 p.m.. 

Average .. 



state of weather, thin clouds. 

Barometer at noon, 30.20 Inches. 

Kind of fuel; Beaumont oil. 

Draft opening Into fuinace, 500 square inches. 

Pressure in oil-pipe air chamber, 20 pounds. 

Temperature over llreroom platform, averaf^e 177° F.. maximum 184° F. 

Temperature of superheated steam for burners, 444.4° F. 



308 
308 
308 
308 
308, 
309' 
310 
310 
310, 
3101 
310! 
310 
310 

3io; 

310 
310, 
310 

3io; 

310, 

310; 

310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
308 





hu. 


°/'. 


°/'. 


0.994 


2.75 


62 


90 


.994 


2.75 


63 


91 


. yVri 


2.75 


64 


90 


. t'<7*«, 


2.50 


64 


90 


.994 


2.50' 


66 


91 


.995 


2.50 


66 


92 


.995 


2.50 


67 


99 


.995 


3 


67 


99 


.995 


2.50 


68 


100 


.995 


2.50 


68 


101 


.995 


2.50 


69 


100 


.995 


2.50 


70 


100 


.995 


2.50 


71 


100 


.994 


3 


71 


95 


.994 


3 


71 


98 


.994 


3 1 


70 


98 


.994 


2.50 


70 


96 


.994 


2.50 


70 


96 


.994 


2.50 


70 


94 


.994 


2.50 


71 


100 


.994 


2.50 


71 


100 


.994 


2.50 


70 


98 


.994 


3 1 


70 


94 


.994 


2.50 


70 


98 


.994 


2.50 


70 


102 


.995 


2.50 


70 


110 


.995 


2.50 


70 


106 


.995 


2.50 


70 


104 


.995| 


2.50 


70 


104 


.995 


2.50 


70 


100 


.995. 


2.50 


.70 


100 


.995 


2.50 


70 


104 


1.001 


2.75 


70 


m 



= I 



' F. 



1 
""68. 


600 

1 


1 


""68. 


605 




""68. 


600 




""68.. 


605 

1 




""68. 


580 




""(58. 

1 


575, 


...... . 


""68. 


595 




""69. 


610 





I 



28 
29 
30 
30 
30 
29 
30 
30 
31 
30 
30 
30 
30 
30 
30 
30 
30 
28 
28 
28 
28 
28 
28 

;io 

32 
32 
32 
32 
32 
32 
31 
29 
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No. 10. — Tegt of oil fuel in a Ilohenstein waier-txihe marine boiler j September 19, 1902. 
[Eiifht hours' duration with natural draft, using steam bunien*. Oil City Boiler Works burner.] 





Draft preflsures, in inches of water. 


Flue gases. ] 


c 








1 
1 


















5 










B 














^ 


"** ti 




Time. 








"3 




1 
S 




B 


COo. 


0. 


CO. 


5 


So 
















X 














? 




1 


E 




s 


c* 

i 


c 








5 


B 


5 




1 


£ 




a 




g 


-- 




P. ct. 


' 


C 


i 


^ 












P. rt. 


P.H. 


Lb«. 


nj8. 


10.30 a.m.. 


-0.20 
- .18 


— 


0.15 - 

.18 - 


0.20 -0.60 
.20 - .60 















10.45 a.m.. 


7 


10. 6 1 




11a. m 




.20 
.20 
.20 
.20 
.20 
.20 
.20 


- 


.20 - 
.20 - 
.20 - 
.20 - 
.20 - 
.20 - 
.20 - 


.20 - 
. 30 - 
.30 - 


.60 
.60 
.60 
.60 
.60 
.60 
.60 












11.15 a. m 


' 




11.:^ a.m.. 






983 


475 


U, 181 


11.45 a.m.. 


.30 
.30 


— 


7.1 


11.1 




12 m 








12.15 p. m . 
12.30 p. m . 


.30 - 






.30 


— 






968 


365 


11, 143 


12.45 p. m . 


— 


. 20 


— 


.20 - 


.;w 


— 


.60 


t 


li.2 .i 








1 p. m 

1.15 p. m . 


— 


.20 
.20 


— 


.20 - 
.20 - 


.30 


_ 


.60 
.60 












.:w - 












l.;^)p. m . 
1.45 J), m . 

2p. m 

2.15 p.m.. 
2.30 p.m... 
2.45 p.m... 





.20 
.20 
.20 
.20 


- 


.20 - 
.20 - 
.20 - 

.20 1- 
.20 1- 


.30 - 

.30 :- 

.30 - 
.30 - 
.30 - 


.60 
.60 
.60 
.60 
60 






934 


423 


i 1,222 


7 


11.1 






::::::i:;:::: 


1 








915 


32610.551 


— 


.20 


— 


.20 - 


.30 i - 


.60 


6.6 


11.2 


1 






...... 


3 p.in 


— 


.20 


— 


.20 - 


.30 ,- 


.60 




1 








3.15 p.m... 
3.30 p.m... 
3.45 p.m... 


— 


.20 
?0 


— 


.20 - 
.20 — 


.30 - 
.30 - 


,60 
60 




1 , 












851 


399 10. 287 


— 


.20 




.20 - 


.:^ 


— 


.60 


6.6 


11.8 









' 


4 p. m 

4.15 p.m... 


,~~ 


.20 
.20 




.20 - 
.20 - 


.30 

.:iO 


— 


.60 
.60 
















:'\ 








4.30 p.m... 





.20 





.20 - 


.30 - 


.55 






826 


479 


9, 7:33 


4.45 p.m... 
5 p. m 


' — 


.22 
.22 


— 


.22 - 
22 — 


.25 - 
.25 - 


.60 
.60 


7.4 


10.8 














5.15 p.m... 


— 


.22 


_ 


.22 - 


.25 - 


.60 












6.30 p.m... 


— 


.22 


— 


.22 - 


.25 - 


.60 






970 


452 11, 071 


5.45 p. m... 
6 p. m 


— 


.21 
.21 


— 


.21 - 
.20 - 


.25 - 
.25 - 


.58 
.58 


7.2 


io. 6 















6.15 p.m.. 


— 


.20 


- 


.20 -- 


.28 - 


.58 












6.30 p.m.. 


. — 


.20 


— 


.20 - 


.28 - 


.58 






913 


493 10, 603 


Average .. 


- 


.202 


- 


.^1- 


.281 


- 


.596 


6.99 


11.05| .013, 


920 


427 


10, 724 



The angular setting of the side burners Ls changed so as to direct their flames more toward the cen- 
ter of the furnace. Heretofore the side walls of the furnace have absorbed an undue amount of heat 
as shown by their glow after extinguishing the burners. 

Curved sheet-iron deflectors have been placed In what were formerly the ash pit openings, so as to 
direct the entering air upward at an angle against the flames. 

The smoke averages about i, the maxunum being \. by Ringelmann charts. 

A disk of carbon 9 inches in diameter was deposited on the oack wall opposite the center burners. 

The burners make much le«8 noLse than those made by the same builders using air. 

Total pounds oil burned, 7.360. 

Total pounds steam used by burners, 3,412. 

Total pounds water fed, 86,791. 

32196—04 9 
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No. 11. — Test of oilfuA in a Hohengtein water-tube marine boiler^ September 20^ 1902, 
[Eight hours' duration with natural draft, using gteam burners. Oil City Boiler Works burner.] 



Time. 



9 a. m 

9.15 a. m.. 
9.30 a, m., 
9.46 a.m.. 
10a.m..., 
10.15 a. m, 
10.30 a.m. 
10.45 a.m. 

11a. m 

11.15 a.m. 
11.30 a.m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m . . . . 

Average .. 






a 



270 
276 
271 
273 
269 
273 
277 
277 
276 
277 
275 
276 
276 
273 
276 
277 
277 
275 
276 
278 
274 
275 
275 
277 
275 
278 
277 
277 
273 
277 
274 
276 
276 



Calorimeter. $e 

-J I 



Temperature. 



I 

t 



I ">¥. 

118 

118 

120 

120 

, 120 

I 120 

118 

118 

I 120 

120 

118 

120 

I 120 

I 120 

I 120 

122 

124 

^ 120 

122 

122 

I 124 

' 122 

122 

, 122 

120 

120 

I 120 

120 

I 120 

' 120 

I 118 

120 

118 



g I 

380 

384 

380 

382 

380 

384 

384 

384 

384 

380 

380 i 

384 

384 I 

380 ! 

380 ■ 

380 

382 

383 

383 I 

383 I 

383 ' 

383 

:^80 1 

380 . 

380 

380 I 

380 ; 

380 

380 

380 

380 

380 

380 



t 

a 

s 

5 






306 0. 
308 I . 
308 . 
308 : . 
308 . 
310 I . 
310 I . 
310 . 
310 . 
310 ' . 
310 . 
310 ; . 
310 I . 
310 . 
310 . 
310 ' . 
310 ; . 
310 . 
310 . 
310 . 
310 . 
310 . 
310 . 
310 , . 
310 1 . 
310 . 
310 . 
310 . 
310 . 
310 . 
310 . 
310 . 
310 . 



993 I 

994 I 
993 
994 , 
994 ! 
994 

994 I 
994 

995 ' 
995 
994 
994 
995 
995 
995 
994 
994 : 
994 i 
994 

994 I 
994 
995 

995 I 
{*95 j 
995 ' 
995 I 
995 I 
995 ' 
995 I 
995 ' 
995 , 
995 












3 

3 

3 

3 

2 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

3 

2.75 

2.75 

3 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

3 



I 71 



F. 

66 

70 

72 

74 

76 

78 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

78 

76 

76 I 

76 . 

76 ' 

76 ' 

78 , 

;| 

78 ■ 
78 ; 
78 
78 
78 I 
78 ' 
78 



100 
100 
104 
106 
106 
106 
104 
106 
104 
106 
106 
106 
108 
108 
110 
110 
110 
108 
108 
108 
108 
98 
108 

no 

110 
112 
112 
111 
110 



1 


1 


% 


"S 


0) 


1 


^ ^ 


c 
3 


1 



93 I 
94 
96 , 



So 



1 
° F. 


-F, ' 


60 






60 


68 


635 


60 
60 


1 




62 






62 


68 


640 


62 
61 


( 




61 


\ 1 




62 


68 


645 


62 
62 







68 


630 











68 \ 620 


1 




68 


615 



68 



620 



68 I 620 



275.2 120.2 '.994 i 77 106 



68 



628 



State of weather, thin clouds. 

Barometer at noon, 80.18 incheti. 

Kind of fuel, Beaumont oil. 

Draft opening into furnace, 500 square inches. 

Pressure in oTl-pipe air chamber. 30 pounds. 

Temperature over fireroom platform, average 18'.2° F., maximum 188° F. 

Temperature of superheated steam for burners, 408.2° F. 



62 
64 
65 
64 
62 
62 
61 
61 
61 
60 

m 

60 
60 
60 
60 
60 
60 
61 
62 
62 
62 



61.4 



OIL TESTS. 
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No. 11. — Test of oil fuel in a Hoheiuteln water-tube marine boiler ^ Septeinber 20 ^ 1902. 
[Elffht hours' duration with natural draft, using steam burners. Oil City Boiler \Vork« burner.] 





Draft pressures, in inches of water. 


Flue gases. 


Oil bunied per hour. 


1 

1 

'2% 

A 

i 

! 




Time 


1 


u 

1 


1 

I 


M 

1 


CO,. 


0. 


CO. 




1 


9 a. m 


—0.14 


—0.20 


-0.27 

- .27 

- .29 

- .25 


-0.53 

- .54 

- .50 

- .52 


P.cL 


P.ct. 


P.ct. 





IJ>S. 




IJm. 



9.15 a.m... 


- .14 


- .20 










9.30 a, m...'— .14 


- .20 

- .18 

- .19 

- .19 

- .18 

- .19 

- .19 

- .20 


7.4 


10.6 


0.1 








9.45 a.m...— .14 








10a.m — .14 


._ .26 — -52 








1,040 


578 


12, 117 


10.15 a. m-. — .14 


- .28 

- .27 

- .26 


- .52 

- .52 

- .50 








10.30 a.m..— .14 


7.6 


10 


.3 








10.45 a.m..'— .14 


! 




' 




11 a.m — .14 


- .29 !- .52 

- .28 i- .53 

- .28 - .53 

- .25 - .53 

- .28 1— .53 




1 


1,087 


523 


12,391 


11.15 a.m..— .14 


1 


11.30 a. m. . — . 14 — . 20 


7. 6 10. 8 











11.45a.m..— .14 .— .20 








12m — .14 — -20 






l,a56 


526 


12,550 


12.15p.m..- .14 
12.30 p.m.. I- .14 
12.45 p.m..- .14 

1 p. m 1— .14 

1.15p.m...!— .14 


- .20 - .28 1- .53 

— .20 — .28 - -5.^ 






1 


- .20 - .28 

— .20 — .28 


— .53 




- cA 


! 




1,037 


554 


12,072 


— .20 !— .28 !— .5.^ 


1 




1.30p.m...- .14 - .20 - .28 .- .53 
1.45p,m...'- .14 - .20 - .28 '- .53 
2p.m ,— .14 — .20 '— .28 — -53 


7.8 ; 10.2 











1,022 


...... 

"558" 


i2,'682 


2.15p.m...:- .14 - .20 '- .25 
2.30p,m.-.— -14 — -20 - .25 


- .53 

- .53 

- .53 








7.1 11.1 


.2 


1 


2.45 p.m... 
3 p. m 

3. 15 p. m 


— . 14 — .20 — .25 




1 


- . 14 - . 20 - . 25 

— .14 — .20 - .27 


- 153 

— .53 


1 


991 


472 


11, 771 


3.30 p. m — .14 — .20 


- .27 - .53 

- .28 - .54 

- .28 i- .55 

- 9R _ ^ 


7.0 11.2 

V.V.VS.'.V.V. 











3.45 p.m... 

4 p. m 

4.15 p.m... 
4.30 p.m... 
4.45 p.m... 

5 p. m 


- .14 - .19 

- .14 ;- .20 

- .14 — .20 


i,'6i3' 


' '593" 


ii,'635 


- . 14 - . 19 ! - . 29 - . 54 

- . 13 - . 19 - . 28 - . 53 

- .14 - .20 |- .28 - .53 


7. 8 1 10. 7 





■ 












1 




1,011 


448 


ii,838 








Average . . . 


- ,140- .19?'- .279- .529 

! 


7.47 10.66 


.0861,032 


532 


12,057 



The angular setting of the burners and the deflectors for the entering air are the same as yesterday. 
(See Test No, 10.) 
The smoke averages i, the maximum being i, by Ringelmann charts. 
The deposit of carbon was slight and fairly uniform across the back wall of the furnace. 
Total pounds oil burned, 8,257. 
Total pounds steam used by burners, 4,252. 
Total pounds water fed, 96,456. 
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No. 12. — Teft ofoilfiiel in a HohenMein tiHiter tube marine hwler, September 22, 1902. 
[Eight hours' duration with natural draft, using steam burners. Oil City Boiler Works bumc-r.] 



I 



Time. 



JM. 

9 a. m 277 

9.15 a.m..! 276 

9.30 a.m.. 276 

9.45 a.m.. 278 

10 a. m ; 277 

10.15 a.m. 277 

10.30 a. m . 278 

10.45 a. m . 278 

11 a. m 277 

11.15 a.m.! 277 

11.30 a.m. 275 

11.45 a, m. 275 

12m ' 275 

12.15p.m. 276 

12.30p.m. 275 

12.45 p.m. I 278 

Ip. m 278 

1.15 p.m.. J 275 

1.30 i).m.. 275 

1.45 p.m.. 276 

2p.m 273 

2.15 p.m.. 275 

2.30 p.m.. 275 

2.45 p.m.. 275 

3p.m 273 

3.15p.m.. 275 

3.30 p.m.. 275 

3.45 p.m.. 273 

4 p. m 275 

4.15 p.m.. 272 

4.30 p.m.. 275 

4.45 p.m.. 275 

5p. m 277 






° F. 
118 
120 
120 
120 
118 
120 
120 
120 
118 
120 
120 
120 
120 
118 
118 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
118 
118 
120 
120 
120 
120 
120 



CalorimettT. 






° r. 
:im 

382 
380 
380 
380 
380 
380 
380 
380 
380 

;^o 

380 
380 
380 
380 
380 
380 
380 
380 
.380 
378 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 



310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 



.995 
.995 
.995 
.995 
.Jm5 
.^5 
.995 
.995 

.995 
.995 
.995 
.995 
.995 
.in)5 
.995 
.995 
.995 
.995 
.995 
.995 
310 ' .995 
310 , . 995 



310 
310 
310 
310 
310 
310 
310 
310 



.995 
.995 
.995 
.995 
.995 
.995 
.995 
.995 



310 0. 995 
310 ! . 995 



I 



Int. 

2.5 

2.5 

2.5 

3 

3 

2.5 

2.5 

3 

2.75 

3 

2.5 

2.25 

2. 75 

2. 75 

2.5 

3 

2.5 

3 

3 

4 

2. 75 

2.5 

2 

2 
i 2.25 
! 2.5 

2. 75 
1 2.5 
I 2.5 
I 3 
, 3 
i 2.5 
I 2.5 



73 
73 
73 
74 
74 
74 
74 
75 
76 
78 
78 
79 
78 
80 
80 
80 
82 
82 
82 
82 
80 
80 
80 
80 
80 
80 
80 
79 
78 



Temperature. 



I I 



II 



Average* . . 275. 7 1 19. 6 . 



.995 



O f \ O /' I o J,\ 

99 1....'. ".. 

102 ' i 

100 68 i 665 

99 

100 I 

1(X) 

100 68 660 

100 1 

100 

98 , , 

102 69 ! 655 

104 

104 1 

102 , 

104 68 660 

106 

104 

104 

104 68 665 
ia5 1 , 

104 

105 ' 

10t> '68 I 650 i 

104 I I 

105 '. 

108 I 

106 ! 68 ' 670 

106 ' 

106 ; I 

ia5 ' 

106 , ()8 1 660 j 
106 ' 

''^ I 

103 68. l[ 661 



Lhn. 



90 
90 
90 
90 
90 
92 
92 
91 
92 
93 
93 
93 
93 
90 
90 
92 
91 
91 
90 
90 
90 
90 
90 
90 
90 
90 
90 
91 
92 
91 
89 
88 
89 



91 



State of weather, partly cloudy. 

Barometer at noon. 30.05 inches. 

Kind of fuel, Beaumont oil. 

Draft opening into funiace, fiOO square inches. 

Pressure in oil pipe air chamber. 46 pounds. 

Temperature over firenx)m pilatfonn, nVerage 192° F.. maximum 200° F. 

Total pounds water fed. 1()5..547. 

Total pounds steam used by burners, h,'M?>. 
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No. 12. — Tesii of oU fuel in a HohensUin water tube marine boiler ^ September 2.^^ 1902, 
[Eight hours' duration with natural draft, using steam burners. Oil City Boiler Works burner.] 



Draft pressures, in inches of 
water. 



Time. 



9a.m 


—0.14 


— 


15 


9.15 a.m... 


— 


.14 




13 


9.30 a.m... 


— 


.14 


— 


14 


9.45 a. m... 


— 


.14 


• — 


13 


10a. m ... 


— 


.14 


— 


15 


10.15 a.m.. 


— 


.14 


— 


17 


10.30 a.m. 


, — 


.14 


— 


10 


10.45 a.m. 


. — 


.14 


— 


10 


11a. m ... 


— 


.14 


— 


16 


11.15 a.m. 


— 


.14 


— 


16 


11.30 a.m. 


— 


.14 


-:- 


16 


11.45 a.m. 


— 


.14 





.16 


12m 


— 


.15 





.16 


12.15 p.m. 


. — 


.15 





.17 


12.30 p.m. 


. — 


.14 


, 


17 


12.45 p.m. 


. — 


.14 





17 


1 p. m 


— 


.14 





17 


1.15 p.m.. 


— 


.14 





17 


1.30 p.m.. 


— 


.14 





17 


1.45p. m... 


— 


.14 





17 


2p.m 


— 


.14 





17 


2.15 p.m.. 


— 


.14 





17 


2.30 p.m... 


— 


.14 





17 


2.45 p.m... 


— 


.14 





17 


3 p. m 


— 


.14 





18 


3.15 p.m... 


— 


.14 





17 


3.30 p.m... 


— 


.14 





17 


3.45 p.m... 


— 


.14 





17 


4 p. Ill 


— 


.14 


' 


17 


4.15 p.m.. 


— 


.15 





18 


4.30 p.m.. 


— 


.15 





18 


4.45 p.m.. 


— 


.15 





17 


5 p. m 


— 


.15 


— 


17 



s 






Flue 



COfi. 



P. a. 



8.6 



CO. 



3 



u 

'a. 



p. rt. P. rt J2)i>. Lbs. JJ)». 





9 0.2 



,1,157 635 13,375 



8.7 



.3 



—0.22 —0.52 
— .53 
.21 — .53 
.21 — .52 
.21 — .53 

.21 — .54 

.22 — .53 9 

.21 — .53 I ■ 

.21 —.53' 1,147 740 13,425 

.21 —.53 

.21 ,— .53 8.5 9.3 .2 

.21 — .53 
.21 — . 53 
. 21 — . 53 



1, 115 



.21 — . 53 

.21 — . 53 

. 21 — . 53 

. 21 — . 53 

. 21 — . 53 

.21 — .53 

.21 — .53 '. 

.21 — .53 . 



8. 2 9. 5 



747 13,109 



I 



/.o 



. 21 — . 53 

.21 — . 53 

. 21 — . 53 

. 21 — . 53 

.21 — . 54 

.21 — . 53 

.21 — .53 

.21 — .53 I 

.21 — . 53 8. 6 

.21 — .53 



8.5 9.5 : i 

] 

:::::';:::::;i;i25" 



.1,112 509 13,112 

-i ; 



8.6 



710 13,433 
'82i'i2,'548 



8.6 



I— .17 — .21 — .53 



Average . . 



. 142 — . 164 — 



211 — . 530, 8. 4^ 

I 



9.6 







1,167 5:58 13,810 



.2 



.1,085 I 605 12,735 



9.29, .01-l'l,122 



663 13,193 



Temperature of superheated steam for burners, 401° F. 
Setting of burners and deflectors unchanged. (See Test No. 10. ) 
The smoke averages f, the maximum being i, by Ringelmann charts. 
No increase in the deposit of carbon. 

Blew down boiler. Much mud in the water; also considerable soot among the tubes and on the 
baffles. 
Total Dounds oil burned, 8,974. 
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No. 13. — Test of oil ftiel in Hohenstein uxUer-tuhe marine boiler, tSeptemhtr ;?7, 1903, 
[Eight hours' duration with natural draft, uiting •* Reed" air and steam burners.] 



Time. 



10a. m 

10.15 a. m. 
10.30 a.m. 
10.45 a. m. 

11a. m 

11.15 a.m. 
11.30a.m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4p.m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5p.m 

5.15 p.m.. 
5.30 p.m.. 
5.45 p.m.. 
6p. m 



Lbt. 

275 
275 
275 
283 
278 
279 
276 
279 
279 
279 
279 
279 
279 
279 
278 
277 
277 
277 
278 
278 
278 
277 
279 
278 
279 
279 
279 
278 
277 
279 
279 
279 
279 



Calorimeter. 



1 i I 



114 
116 
116 
122 
126 
122 
130 
128 
126 
118 
120 
120 
128 
124 
120 
120 
124 
122 
120 
120 
120 

i 120 
120 
120 
124 
122 
128 

, 120 

' 126 
120 

' 128 
118 
120 



X I 



4 

§ 



Average .. 278.2 121.9 



380 
380 
382, 
382' 
382 
382, 
378 
380 
380 
380 
380; 

:«o 

380 
380 
378, 
378| 
378 
376 
376 
378 
378 
378 
378 
378 
378 
380 
380 
376 
378 
378 
378 
378 
378 



F. 




310 


0.995 


310 


.995 


312 


.996 


312 


.991) 


312 


.996 


312, 


.996 


312' 


.997 


312 


.996 


312 


.996 


312 


.996 


312 


.996 


312 


.996 


312 


.9iH5 


310 


.995 


312 


.997 


312 


.997 


312 


.997 


310' 


.997 


310 


.997 


310 


.996 


312; 


.997 


310' 


.996 


310 


.996 


310 


.996 


312 


.997 


310 


.995 


310 


.995 


310 


.997 


310 


.996 


310 


.996 


310 


.996 


310 


.996 


310 


.996 



X I 

Ins, 
2.5 

2.5 
3 

3.5 ! 
3. 25 
2.5 
3.25 78 
2. 5 I 78 
3 I 78 
2.5 I 
2.75' 
2.75' 
2.75, 
2.5 



2.5 
2.5 



2.5 

2.75 

2.5 

2.5 , 

2.75' 

2. 75 

2.75 

3 

2.75 

2.5 

3 

2.75 

3 

2 



<" F. 

76 
76 

78 
80 
80 

82 
82 



•8 
80 
80 
80 
82 
80 
82 
90 
90 
90 
92 
84 
82 
80 
80 
80 
79 
78 
78 
78 
76 
74 
74 



Temperature. 









2 


I> 


e 


"5 


£ 


a 


« 


^ 


c 


5 


u 



I 95 
95 

I 92 

; 97 

! 98 

I 96 

. 102 

I 98 

98 

98 

100 

100 

100 

100 

99 

98 

99 

100 

102 

102 

103 

103 

102 

1 104 

i 102 

100 

102 

104 

99 

I 100 

98 



j 


1 






o 




1 


1 


"^ 


2 


i 

c 


< 



s 

be 



605 



600 



600 



570 



565 



560 



580: 



540, 



° F. 

110; 

112 
112 
112 
112 

111; 

112 
112 
112 
113 
113 
114 
114 
114 
115" 
115| 
1161 
116' 
116: 
116, 
116| 
116l 
116- 
116; 
1161 
II5I 
115; 
114, 
113 

IH 
114 
116: 
114 






op op 

356 

360 

360 72 

362 

350 

352 

352 72 

352 

356 

358 

358 72 

380 

380 

380 

386 72 

382 

380 

380 

380 72 

382 

384 

384! 

384! 72 

386' 

386 

388 

386 72 

382, 

380' 

385 

388 73 

396 

398 



A^m 80.4 99.4 578 114 375 72.1 

I : I I . . I 



state of weather, fair. 

Barometer at noon, 29.92 Inches. 

Kind of fuel, Beaumont oil. 

Revolutions of Root blower, 215 per minute. 

Draft opening Into furnace in uouare inches, average, 165; maximum, 2W; minimum, 114. 

Temperature over fireroom platform, maximum, \X'2° P.; average, 179° F. 

Pressure in oil system at air chamber, 20 pounds. 

Very little smoke: at times none. 

Total pounds feed water, 95.395. 

Total pounds steam used by burnerH, 5,856. 

Total pounds oil burned, 7,692. 
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Nf). 13. — Test of oil fuel in Hohenstein u*cUer-(ubf marine boiler j ^September ;?7, 190^. 
[Eight hours' duration with natural draft, using "Reed" air and steam burners..] 



Time. 




10a.m... 
10.15 a. m 
10.30 a. m 
10.45 a. ni 

11a. m 

11.15 a. m 
11.30 a. m 
11.45 a. ni 

12m 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m 

1.15 p. m. 
1.30 p.m. 
1.45 p. m. 

2 p. m 

2.15 p.m.. 
2.30 p.m., 
2.45 p.m., 

3p.m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m., 

4 p. m 

4.15 p.m.. 
4.30 p.m., 
4.45 p.m.. 

5p. m 

5.15 p.m., 
5.30 p.m.. 
5.45 p.m.. 
6p. m 

Average .. 



Lbs. 
.61 
.61 
.61 
.58 
.61 
.46 
.61 
.61 
.46 
.61 
.61 
.61 
.6l! 
.61' 
.46, 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46! 
.46! 
.46! 
.46 
.46 
.461 
.361 
.46 
.341 



Lbs, 
90,-0. 15, 
93 — . 15 
93 — . 15, 
95 — . 15 

93 — . 15 

94 - . 15l 
95 
95 

95 — . 15' 
92 — . 15 
92 



.15- 
.15- 



-0.15—0.20- 

- .15— .20- 

- .15— .20- 

- .15'— .20- 

- . 15- 

- . 15 - 



\P.ct.\P.ct. P.ct. JM. Lb«. Lb». 
0.45' ' I I 



.15,- 

. 15 — . 20.- 



.20- 
.20- 
.20- 



. lo, 



92 



15 — 
— .15 — 



92- 
91- 
92- 
91,- 



— . 15;- 

— • 15, 

— . 15, 
,— .15 
91 1— .15 
90— .15 
90— .15 
90— .15 
90— .15 
90— .15. 
92— .15 
91 — . 15, 
90— . 15 
91'— . 15 
91|— . 15 
90— .15 



-.15- 

.15- 
.15'- 



15- 

— .15- 

— .15- 



90— .15 — 
90|— . 15 — 



20 
20 

. 15 — . 20 
. 15;- . 20 
.20 
.20 
.20; 
. 15 — . 20 
. 15— . 20, 
. 15 — . 20, 
.15— .20 
.15— .20 
.15— .20 
. 15 — . 20' 
.15— .20 
. 15!— . 20 
. 15 — . 20 
. 15— . 20 
. 15 — . 20 
. 15 — . 20 
. 15 — . 20 
. 15 — . 20 
. 15 — . 20 
.15— .20 
.15— .20 



. TU' ..... 

.45 8.7 


'8.'7"6'"'" 


] 




.45| ' 






.45 

.45' 


1,051 967 


12,943 


.45 7.5 

.45: 

.45' 


10. 3 .2 


972 984 ii, 778 


.45 






.45 8.0 


9.6 




.45 


i 


.45 1 


i, 006 1,04212, 239 


.45 






.45 8.2 


9.4 


1 1 


.45 


1 1 



. 51 92]— . 15 



.15— .20 



.45 



7.4 11 



7 I 9.2 .2 



970 62611,936 



.45 ' : 1.002; 69612,078 

^45' I _i ■ ! 

!45'7.'8T9."8'6""i! 

.45. 

.45, 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.45 

.45 



7 10.8 



70 9.85 



.075 



920 596 



11,348 



907 490 



864 45511,928 



11, 145 



962 73211,924 

I I 



The front wall of the furnace has been rebuilt and now has openings 8 inches in diameter for the 
burners. This provides an annular opening for the admission ofatmospheric air around each burner. 

September 26: A preliminary run of 9 hours was made with a bridge wall built across the furnace 
9 Inches from the oack wall and up to within 9 Inches of the lower row of tubes. The wall was 
hollow and had perforations in front, its object being to introduce heated air at the back of the fur- 
nace. The front of the wall was in the form of 4 steps, each 8 inches high. The wall proved to be 
too high, choking the draft. In preparation for the trial of September 27, the top step was removed; 
also, to reduce loss by down waro radiation of heat. Inclined sheets of asbestos were laid on the lowest 
step of the bridge wall, the sheets extending to the front of the furnace. 

September 27: At the end of the test there was a deposit of carbon about 9 inches in diameter on 
the Drldge wall opposite the right burners. The perforations in the bridge wall were partially 
choked with slag melted out of the brickwork. 
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No. 14. — Test of oil fuel in a HohenstetJi water-tube marine Ifoiler, September :29, 1902. 
[Eight hours' duration with natural draft, usiiiK ** Reed" air and steam burners.] 



Time. 



9.15 a.m.. 
9.:^) a.m.. 
9.45 a. m.. 
10a.m.... 
10.15 a. m, 
10.80 a. m . 
10.45 a. m . 

1 1 a. m 

11.15 a.m. 
11.30 a.m. 
11.45 a. m . 

12m 

12.15 p. m. 
12.80p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.80 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.80 p.m.. 
2.45 p. m.. 
8 p. Ill ... . 
3.15 p.m.. 
3.30 p. m.. 
3.45 p.m.. 

4 p. m 

4.15 J), m.. 
4.30 p. m.. 
4.45 p. m.. 

5 p. m 

5.15 p. m.. 



279 
279 
279 
279 
279 
279 
279 
279 
279 
279 
279 
279 
278 
279 
278 
279 
279 
279 
279 
279 
279 
279 
279 
279 
279 
278 
278 
279 
279 
279 
279 
279 
279 









Calorimeter. 



° F. 
120 
120 
120 
112 
122 
126 
120 
120 
120 
120 
120 
120 
124 
120 
124 
120 
120 
124 
124 
120 
120 
124 
120 
120 
122 
120 
120 
120 
122 
120 
120 
124 
120 



° ^'- I 
3801 

380 

37H 

880 

380 

380 

380 

378 

880, 

:^ol 

880 
880 
376 
376 
376 
376 
376 
376 
376 
376 
376 
376 
876 
376 
376 
376 
376 
378 
878 
3781 
378 
378 
378 






° F. 
812 
813 
314 
312 
313 
312 
814 
314 
314 
314 
314 
314 
814 
814 
314 
314| 
314; 
314 
314 
314 
314 
314| 
814 
314 
314 
314 
314 
316 
316 
816 
316 
816 
816 



0.99t> 
.997 
.999 
.996 
.997 
.996 
. 997 
.998 
.997 
.998 
.997 
.998 
.999 
.999 
.999 
.999 
.999 
.999 
.999 
.99<) 
.999 
.999 
.999 
.m)9 
.999 
.999 
.999 
.999 
.999 
.999 
.999 
.999 
.999 



T«nipeTmt1li«. 



Jim. 

2.5 

2.5 

3 

2 

:^.5 

2.5. 

2.75 

2.5 

2.5 

2.5 

3 

2.5 

2.5 

3 

2.5 

2.5 

2.75 

2.5 

2.5 

2.5 

8 

8 

2.75 

2.5 

2.5 

2 

2.5 

2.25 

2.5 

2.5 

8 

3 

2.5 







Ji 


^ 


& ^ 


It 

1 


t 


1 




1 

3 

< 


ii f 


°/' 


° F. 


° F. 


°F. 


o^; lo^. 


76 


98 




112 


400...- 


78 


101 


685 


111 


8901 74 


79 


102 




112 


404.... 


80 


105 




113 


410.... 


82 


106 




114 


386.... 


82 


104 


645 


114 


360, 74 


82 


108 




114 


354.... 


82 


108 




114 


368.... 


84 


109 




115 


370 .... 


86 


110 


660 


115 


370 74 


86 


111 




116 


363.... 


84 


no 




116 


364.... 


84 


112 





117 


480.... 


84 


110 


645 


116 


456 74 


84 


111 




117 


476.... 


84 


111 




118 


480.... 


85 


112 




118 


484.... 


84 


114 


600 


118 


476 74 


84 


118 




118 


480.... 


84 


114 




119 


460.... 


92 


114 




120 


460.... 


90 


115 


680 


120 


454 74 


90 


118 




120 


450'.... 


92 


118 





120 


430.... 


92 


118 




120 


420.... 


93 


114 


655 


120 


420 74 


96 


116 




121 


420.... 


96 


116 




122 


410...- 


92 


114 




122 


380...- 


86 


116 


640 


122 


390 74 


88 


116 




122 


408.... 


82 


116 




122 


406.... 


80 


118 





122 


402.... 



Average... 278.9 120. 8^ I .998 85.4 111.5 645 117.5 416 74 



State of weather, clear. 
Barometer at noon, 2y.96 inches. 
Kind of fuel, Beaumont oil. 

Revolutions of Root blower, 239 per minute, of which 52 were required by burner in auxiliary 
boiler. 
Draft openings into furnace, 664 swiuare inches until 10.80 a. m., then 408 square inches. 
Temperature over flreroom platform, maximum 1%° F., average 187° F. 
I*rassure in oil system at air chamber, 20 pounds. 
Average smoke,* i; maximum, iby Ringelmann charts. 
Total pounds steam used by burners, 4,458. 
Total pounds feed water, 112.115. 
Pounds* of oil burned per hour, 9,216. 
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No. 14. — Tefi of oil fuel in a Ilohenstein water-tube marine boiler ^ September 29^ 19()2 
[Eight hours' duration with natural draft, using " Reed" air and steam burners.] 



Time. 



Pressures 


per square 


inch. 


M 




V 




> 


, 


1 


e 




3 


3 


.a 




Pi 


g «2 1 


i a , 


i 1 


< 


X 



Draft pressure in Inches of 
water. 



Flue gase»!. 








IM. 


Um. 


9.15 a. m.- 


1.46 


90 


9.30 a. m.. 


1.46 


88 


9.45 a.m.. 


1.34 


92 


10a. m 


1.46 


93 


10.15 a. m. 


1.41 


93 


10.30 a. m. 


1.41 


92 


10.45 a.m. 


1.46 


90 


11 a.m 


1.46 


90 


11.15 a.m. 


1.46 


90 


11.30 a. m. 


1.46 


90 


11.45 a.m. 


1.41 


90 


12m 


1.46 


90 


12.15 p.m. 


1.21 


93 


12.30 p. m. 


1.21 


94 


12.45 p.m. 


1.21 


92 


1 p. m 


1.21 


86 


1.15 p. m.. 


1.21 


88 


1.30 p.m.. 


1.46 


88 


1.45 p. m.. 


1.46 


87 


2 p. m 


1.46 


87 


2.15 p.m.. 


1.46 


87 


2.30 p.m.. 


1.46 


87 


2.45 p.m.. 


1.21 


88 


3 p. m 


1.21 


86 


3.15 p.m.. 


1.21 


86 


3.30 p.m.. 


1.21 


87 


3.45 p.m.. 


1.21 


86 


4 p. m 


1.34 


88 


4.15 p. m.. 


1.46 


90 


4.30 p.m.. 


1.46 


90 


4.45 p. m.. 


1.46 


90 


op. m 


1.46 


91 


5.15 p. m.. 


1.34 


90 



ad 



3 

.a 

3 



-0.05 -0 
- .05 - 



I _ 



I i I 

H I S 



COs. 



P. ct. 
-0.2 1-0.5 

- .2 - .5 8.3 

- .2 



- .2 
2 

- .2 

- .2 

- .2 

- ,2 

- .2 
_ ,2 

- .2 

- .2 

- .2 

- .2 
- .2 

- .2 

- .2 



o. 



P. ct. 
"9."7" 



8.8 



- .5 

- .5 

- .5 '.... 

- . 5 8. 3 ■ 8. 5 

- .5 .... 

- .5 .... 

- .5 .... 

- .5 8.6 

- .5' I.... 

- . 5 8. 5 I 9. 4 

= :l|:::::::: 

- .5 I 

- . 5 8. 4 9 

- .2 ;- .5 

- .2 '- .5 1 

2 ' 5 ' 

- !2 - !5 "8'4' "9."4 
.2 - .5 * 

- .2 I- .5 

- .2,- .5 

- .2- I- .5 8.6 I 8.9 

- .2 '- .5 

- .2 - .5 

- .2|-- .5 

- .2 - .5 

- .2 - .5 

- .2 ,- .5 

- .2 - .5 



CO. 



I i I 
I ! ^■ 
1 I .1 



I; 



u 

"3 

i 



I 

p. ct.\ Lbtf. 
.... 




Lbs. 




IM. 




I I 

i,'i43.""868i3,'572 



1,194 670 



14, 376 



,1,133 68413,971 






.2 



9.1 



8. 6 I . 1 



1,145 28114,108 
I 

'.'//.'. '.'.'.vx.y/.'.'. 
I 

i,"i57 "376i4,'i92 

::::::::::|:::;:: 

i,"i33"'332i3,"646 
Ui96""633i4,"284 



J. 



Average.. 1.37 89- .097 - .10- .20 



- . 50, 8. 53 9. 04 



1,115 68013,972 



.051,152 55714,014 



Before beginning this test another step of 8 inches was removed from the top of the bridge wall, 
and brick uptakes were built in the furnace so as to lead tlie air from the old ashpit openings verti- 
cally upwara to the burners. 

During the test the quantity of steam used in the burners was the least permissible— I. e., a further 
reduction would result in the production of smoke. 

At the end of the test there was a deposit of carbon 10 inches in diameter on the bridge wall oppo- 
site the right burners and one 8 inches in diameter in front of the middle burners. The openings in 
the bridge wall were filled with slag. 
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No. 15. — Test of oil fuel in a Hohenstein water-tube marine boiler ^ October 4^ 190S. 
[Eight hours' duration with natural draft, using Oil City Boiler Works burner, under steam.] 







j 

3 

2 

t. 

°F. 
110 
116 
112 
118 
118 
120 
118 
118 
120 
120 
118 
118 
120 
120 
120 
120 
124 
122 
122 
118 
130 
130 
126 
120 
122 
122 
120 
120 
120 
118 
120 
118 
120 


Calorimeter. 

1 


Height of water In gauge gla.w. 


Air in flreroom. 1 


Temperature. 


A 
^ 


Time. 


i 
% 

i. 

1 

! 

279 
279 
279 
279 
279 
279 
279 
279 
279 


1 
Ti. T,. 


Q. 


M 

1 

a 
5 

° F. 

"65" 

"65"' 

'66"' 

'66*' 

'66'" 


'66" 
*66" 
"66"" 


h 
H 

i4 

1 

°F. 
410 
410 
412 
410 
410 
418 
420 
420 
420 
410 
412 
412 
414 
408 
404 
410 
410 
410 
400 
400 
400 
400 
400 
402 
402 
402 
398 
402 
404 
406 
404 
402 
402 


1 



1 

1 






* 1 
1,1 


9a. m 

9.15 a. m.. 
9.30 a, m.- 


°F. 
404 
410 
409 


°F, 

310 
'312" 


0.986 
.984 
.986 


/»«. ° F. 
2.5 1 94 
2.75 92 
2.5 1 96 


OF. 


°F. Lbs. 

170 94 

.... 93 

90 


9.45 a. m.. 


410 


.985 ! 97 

.985 100 

.985 3 1 99 
.985 2.25 98 
. 985l 2. 5 99 

.985 99 

. 9851 2. 75 96 
. 984! 2. 5 1 96 

.985 98 

.985 95 

.985' 3 88 
.985 90 




90 


10 a. m . . . 


'685" 


178 90 


10.15 a.m. 


1 


90 


10.30 a. m. 




90 


10.45 a. m . 


1 


' 92 


11 a. m 




'655" 


179 92 


11.15 a. m.' 279 




92 


11.30 a.m. 279 


310 

312 


92 
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' 



State of weather, overcast, with later drizzle. 

Barometer at noon, 30.06 at te^t plant. 

Draft opening into furnace, 500 square inches. Dcilectors in u.se after 12 m. 

This test was intended to be a reproduction of that of September 22, and was to develope a possible 
correction to be applied to the records of September 19, 20, and 22, on account of the dirty condition 
of the boiler during those tests (it having since been blown down and the tubes cleaned of soot). 



OIL TESTS, 



133 



No. 15. — Test of oil fuel in a HoJiemtein tvater-tube marine boiler ^ October 4i 1902. 
[Eight hours' duration with natural draft, using Oil City Boiler Works burner, under steam.] 
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0.33 


0.2 


1,009 


604 


11,485 



Tho conditions of this trial were similar to those of September 22, with the following exceptions: 
The deflectors in the furnace front openings were not installed until 12 m. In view of the fact, that 
they materially Increased the rate ofevaporation, it is suggested that if this test is to be used in com- 
parison, the record of the first three hours be disregarded. With the same air openings into the 
xumace as on September 22, and with almost exactly the same percentage of steam u.sed for spraying 
the oil, it was Impos&ible to burn more than 84 per cent of the oil ourned then. This can be accounted 
for only by the difference in the hygrometric condition on the two days, the air during this run being 
saturated. This suggests the advisability of adding the hygrometric condition of the atmosphere to 
the data recorded for each run. 

Total pounds feed water, 91,876. 

Total pounds steam for burners, 4,831. 

Total pounds of oil bumed, 8,071. 
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No. 16. — Test of oil fuel in a Ilolienstein nrUer-tube marine boiler ^ October IS, 190:^. 
[Six hours' duration with 1-inch forced draft, using Oil City Boiler Works burner, under steam.] 
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State of weather, clear and pleasant. 

Barometer at noon, 29.85 inches. 

Draft opening into furnace, 670 square inches, except 12 m. to 1 p. m., 800 square inches. 

6 a. m., started fires under main boiler; 6.45 a. m., began dri^'ing auxiliaries from main boiler: 7 
a. m., 275 pounds pressure in main boiler; 9 a. m., started forced draft; 10 a. m., test begins; 11 a. m. 
to 1 p. m., attempts were made to reduce the smoke, but with the result of reducing the capacity 
and not increasing the evaporation: 12 m. to 1 p. m., air was admitted above the burners, but this 
was found to throw the flames toward the bottom of the funiace. 

The boiler casing abreast the tube chamber on the right side of the boiler was heated to a cherry red. 
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No. 16. — Test of oU fuel in a Hohenstein water-tube marine boiler, October 13, 1902. 
[Six hours' daration with 1-lnch forced draft, using Oil City Boiler Works burner, under steam.] 
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In this test it was endeavored to use only enough steam in the burners to spray the oil. 

A dish of carbon 12 inches in diameter was deposited in front of the right burners, and one 8 Inches 
in diameter in front of the middle burners. Some carbon was deposited on the lower row of tubes; 
on the six right tubes for 1 foot from the back wall the deposit was 1 inch thick, but the passages were 
not choked by it. 

Total pounds oil burned, 9,879. 

Total pounds steam for spraying, 2,204. 

Total pounds feed water. 95,294. 
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No. 17. — Test of oil fuel in a Hokenstein water-tube marine boiler Octofter 14, 1902, 
[Four hours' duration with 2-inch forced draft, using Oil City Boiler Works burner, under steam.] 
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State of weather, partly cloudy. 

Barometer at noon, 29.93 inches. 

Draft opening into furnace, 830 square inches. 

During this test there was considerable soot on the tubes from the preceding test. Also the water 
was very muddy, it being found necessary to blow down the water column at intervals of 10 minutes 
toward the end of the test. 

Until the last hour of the test, too little steam was u.sed in the burners and the oil was insufficiently 
sprayed. This, together with the dirty condition of the boiler, accounts for the low rate of evaporation. 
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No. 17.— Test of oil fuel in a Hohensiein uxxter'tuhe marine Unler October 14t 190$. 
[Four hours' duration with 2-inch forced draft, using Oil City Boiler Works burner, under steam.] 
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Throughout the test fmoke was observed coming from beneath the fireroom. Streams from two 
hose lines were kept playing into the space, and Vents were closed with earth. At the conclusion of 
the testM the smouldering fire had been quenched. The fire was due to some small timbers being left 
In the earth under the foundations proper of the boiler. 

Total pounds oil burned, 9,220. 

Total pounds steam for spraying, 1,445. 

Total pounds feed water, 82,388. 

Pressure on oil system, 45 pounds. 
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No. 18. — Teftt of oil fuel in a Ilohenstein vHiter-luf*e marine Wtler^ October 22 y 1902, 
[Five hours* duration with 2-inch forced draft, using Oil City Boiler Works bumers.j 
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State of weather, clear. 
Barometer at noon, 30.37 inches. 

Draft opening into furnace, 800 square inchc«« until noon, then 492 sauare inches. 
7 a.m., lighted burners under main boiler: 7.45 a.m., auxiliaries driven from main boiler; 8 a.m., 
275 pounds pressure In main boiler; 10 a. m., started forced draft: 11 a. m.. test begins. 
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No. 18. — Ted of oil fuel in a Hohenstein tvater'tube marine boiler y October £Sj 190f6, 
[Five hours' durat^n with 2-lnch forced draft, using Oil City Boiler Works burners.] 





Draft pressures. 


Flue gases. 


Hygrometer. 


i 


1 




Time. 




1 


u 




CO,. 


O. 


CO. 


i 


t 


1 

t 


11 a. m.. .. 


2.2 

1.95 

2 

2 

2.05 

2.08 

2 

2 

2.03 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


1.8 

1.6 

1.63 

1.65 

1.68 

1.58 

1.48 

1.48 

1.45 

1.45 

1.43 

1.45 

1.43 

1.45 

1.45 

1.43 

1.45 

1.45 

1.45 

1.43 

1.43 


1.5 

1.3 

1.38 

1.37 

1.38 

1.25 

1.2 

1.23 

1.26 

1.18 

1.15 

1.18 

1.15 

1.15 

1.18 

1.15 

1.15 

1.15 

1.18 

1.15 

1.15 


0.78 
.65 
.7 
.68 
.68 
.66 
.63 
.62 
.65 
.62 
.63 
.63 
.62 
.63 
.63 
.62 
.63 
.62 
.63 
.63 
.63 


P.rt. 


P.cL 


P.Ct. 







2,092 


Lbs. 
398 


Lbs. 



11.15 a. m. 
11.30 a. m. 


6 


7.8 





57.5 


48 


20,062 


11.45 a. m. 


















12m 


















12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.- 

1.45 p.m.. 

2 p. m . . . . 
2.15 p.m.. 
2.30 p.m.. 

2.46 p.m.. 

3 p. m .... 
3.15 p.m.. 
3.30 p.m.. 
3.45 p.m. 

4 p. m 


7 


10.6 


.2 


60.25 


49 


2,140 


601 


21,248 


































7.4 


10.7 


.1 


61.25 


50 


2,093 


626 


21,434 


































7.4 


10.4 


.1 


64 


51 


2,098 


736 


21,094 


































7.1 


10.3 


.2 


63.25 


51 


2,112 


765 


20,920 


















































Average .- 


2.01 


1.51 


1.23 


.65 


6.98 


9.96 


.12 


61.25 


49.8 


2,107 


625 


20,956 



Pressure on oil system, 46 pounds. - 
Average draft pressure at base of stack, —.52. 
Total pounds of oil burned, 10,585. 
Total pounds of steam for spraying, 3,126. 
Total pounds feed water, 104,778. 

32196—04 10 
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No. 19.- 
[Three hours* 


-Test of oil fue 
duration, with 

1 

. I ? 
a i f 

£ <= 

1 ! 1 

1 ; 1 

Lb$. ° /'. 
264 108 
278 110 
276 , 115 
275 1 108 
275 ' 105 
280 : 109 
278 104 
278 114 
275 110 
273 110 
270 1 108 


I in a Hohenstein vh 
i-inch forced draft, ua 

Calorimeter. 


iter-tu 
ing Oi 

1 

be 

1 

1 

1 

X 


be marine Ipoiler^ October jP5, 190S. 
I City Boiler Works burner, under steam.] 








remperature 


Ie 

1 

460 
476 
480 
488 
488 
456 
456 
460 
4(M 
4fir> 
465 






T,. 


1 


Outside. 




M 

i 

c 
5 

OF. 


^ 


Time. 


T,. 


Q. 


t 


1 


1 

o 

1 

i 


4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m 

5. 15 p. m . . 
6.30 p.m.. 
6.45 p.m.. 

6p.m 

6.15 p.m.. 
6.30 p.m.. 


OF. 

400 
402 
404 
401 
401 
4(12 
4^12 


302 0.983 
301 . 982 

301 .981 

302 .9a3 
tm .9S3 
:m .983 
m-2 . 9R.1 


In*. 
3 

3.5 

3 

3 

:i 
:i,5 

3 
3 
3, ft 


OF. 


OF. 


Ill 


o^. 


81 


69.5 


1101... . 

ho'.-,, 
108' m 
log'.... 

us 65 
118- „_ 


1,010 














-:? 


m 


1,090 


4m sfyai .flsi 








4iHi 


n02 ,981 
Mrj , 981 




. _ _ _ 1. _ 




3 
3 








408 


308 . 983 


















Average .. 


274. 


7| 109.2 






.»82 




77 


67,7 


112 e& 


469 


1,060 






\ 







state of weather, clear. 
Barometer at noon, 30.14 inches. 
Draft opening into furnace, 800 square inches. 

7 a. m., starts fires under main boiler; 7.45 a. m., auxHiaries driven from main boiler; 8 a. m., 275 
pounds pressure In main boiler; 10 a. m., shut down, feed pump disabled; 10.90 a. m., started again; 
" " . . - - - ..... lin; 11.35 a. m., shut down, once more 

kft; 4 p. m., test begins. 



10.45 a. m., shut down, feed pump again; 11.15 a. m., started a( 
the feed pump; 2 p. m., started again; 3 p. m., started forced < 
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No. 19. — Test of oil fuel in a Ilohenstein 
[Three hours' doratioii, with 3-inch forced draft, 



water-tube marine hoilery 
, ludng Oil City Boiler WorkH 



October ^5, 1902. 
burner, under steam.] 




In this test It waa endeavored to secure maximum capctcity without regard to efficiency. After the 
second hour the base of the stack was red hot, and the test was stopped at 6.30 to prevent Injury to 
the stack. 

There were two disks of carbon 12 inches In diameter opposite the left and middle burners. 

Total pounds of oil burned, 7,446. 

Total pounds of steam for spraving, 2,664. 

Total pounds feed water, 68,288. 

Base of stack red hot; Impossible to collect samples of flue gases. 
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No. 20. — TetA of oU fuel in a HohengUin vxtler-tube marine boiler, October j?7, 190g. 
fSeven houra' duration with 1-inch forced draft, using Oil City Boiler Works humers, under steam.] 



Time. 






2! 

I 



12 ni 

12.15 p. ra 
12.30 p. m 
12.45 p. m 

1 p. m ... 
1.15 p.m. 
1.30 p.m. 
1.45 p. m. 

2 p. m ... 
2.15 p.m. 
2.30 p.m. 
2.45 p.m. 

3 p. m ... 
3.15 p.m. 
3.30 p. m. 
3.45 p.m. 

4 p. m ... 
4.15 p.m. 
4.30 p.m. 
4.45 p. m. 

5 p. m ... 
6.15 p.m. 
6.30 p.m. 
5.45 p. m. 

6 p. m ... 
6.15 p.m. 
6.30 p.m. 
6.45 p.m. 

7 p. m ... 

Average . 



LbB. 
275 
275 
276 
276 
275 
276 
271 
275 
278 
276 
273 
280 
280 
275 
276 
280 
280 
274 
275 
272 
284 
278 
274 
275 
265 
280 
275 
275 
275 



275.8 



112 
118 
120 
120 
112 
118 
122 
120 
125 
120 
115 
119 
120 
120 
120 
120 
117 
120 
118 
112 
118 
118 
120 
120 
122 
115 
120 
120 
120 



118.7 



Colorimeter. 



41 H 
MM* 

Am 
Am 

41)1 > 

Aiit\ 
llM 
jiHi 
A^H\ 

Am 

Am 

4(M 
4(M 
404 
404 
404 
404 
404 
404 
404 
404 

404; 

4041 
404! 
404 



Q. 






308 
308 



308 
308 
306 
306 
306 
306 
308 
306 
306 
306 
306 
306 
306 
306| 
306 
306 
306 
306 
306 
306' 
306, 
306 
306' 
306 



0.984; 
.984' 
.984 
.984 
.984 
.984 
.984 
.983 
.983| 
.983| 
.983 
.9841 
.983j 
.983 
.9831 
.9841 
.984| 
.984 
.984' 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 
.984 



Ins. 

3 

3.25 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2.5 

3 

3.5 

3 

3 

3 

3 

3 



66 64.5 



67. 5 l65. 6 



69 m 



.984 



TememtnrofflL 



Otit^lde. 






^ 

6 
^ 



F. °F. 



69.2506.25 



69.25 06.25 



68 65. 25j 



OF. 
104 
106 
106 
106 
106 
106 
110 
108 
lOfl 
108 
109 
108 
108 
112 
110 
110 
110 

no 
no 

110 

no 

no 
no 
no 
no 

108 

112 
112 
112 



E C 

V 



^F 
410 
ilH 
414 
412 
4l?i 
422 
4i?0 
420 
4L*2 
414 
424 

4:i0 

422 
420 
420 
426 
4S0 
428 
42« 
424 
426 
420 
416 
412 
430 
420 
410 
416 
420 



820 



790 



820 

I 



850 



815 



815 



68.1 65.6 108.7 



420 



818 



90 
97 
98 
90 
92 
92 
90 
90 
00 
90 
90 
90 
90 
92 
90 
90 
90 
90 
92 
90 
90 
90 
90 
90 
88 
90 
90 
92 
90 



91 



State of weather, overcant; drizeling, noon to 1 p. m.; raining, 6 to 7 p. m. 

Barometer at noon, 29.96 inches. 

Draft opening into furnace, 800 square inches. 
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No. 20. — Test of ail fuel in a Hohenstein toater-tube marine boiler, October 27, 190£. 
[Seven hours' duration with 1-inch forced draft, using Oil City Boiler Works burners, under steam.] 



Time. 



12m 

12.15 p.m. 
12.30 p. m. 
12.46 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p. m.- 
4.30p.m.. 
4.45 p.m.. 

5 p. m .... 
5.15 p. m. . 
5.30 p.m.. 
5.45 p.m.. 

6 p. m 

6.15 p.m.. 
6.30 p.m.. 
6.45 p.m.. 

7 p. m 

Average .. 



I 



& 



Draft pressures. 



2 





h 






3i 

1 


u 




a 


Si 






s 


i 


1 




£ 


8 


e 



Lbs, 
288 
290 
289 
287 
286 
288 
287 
288 
283 
282 
285 
287 
285 
283 
285 
290 
291 
291 
290 
289 
285 
287 
292 
287, 
285 
287 
286 
286 
286 



287 



1 
1 
1 
1 
.99 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1.03 
1 
1 
1 
1 
1 
1 

1.05 
1 

1.02 
1 
1 
1 
1 



1 



0.7 

.8 

.8 

.8 

.78 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.85 

.82 

.8 

.82 

.8 

.8 

.8 

.8' 

.8 

.82 

.8 

.8 

.8 

.8 



.80 



0.50 0. 

.53 . 

.53 . 

.53 . 

.52 . 

.53 . 

.53 . 

.53 . 

.60 . 

.60 . 

.58 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.60 . 

.63 . 

.60 . 

.60 . 

.53 . 

.53 . 

.53 . 

.53 . 



20—0. 

27- . 

27- . 

27- . 

27- . 

27- . 

27- . 

27- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

30- . 

31- . 
30- . 
30- . 
31 
30 
30 
31 



.57 



.29- .50 



Flue 



00^. 



P.d. 



8.5 



8.4 



9.4 



8.9 



8.2 



8.73 



o. CO. 



I 



3 



P.Ct. 



8.9 



P.Ct 



0.3 



.1 



Lbs. 




Lbs. 




1,935 



8.8 



8.2 



8.5 



8.73 



1,938 



1,973 



2,008 



.10 



2,010. 



1,967 



1,950 



1,969 



I 



3 



Lbs. 




1,22219,726 

I 



1,178 20,712 



1,12621,615 



1,29521,948 



1,189 



22,124 



1,311121,209 



1,3?5;21,826 



1,23521,309 

I 



Deposit of carbon. 8 Inches diameter opposite right burners. 

Temperature of oil in weigh tank, 65° F. 

Average pressure on oil system, 81 pounds. 

Total pounds of oil burned, 18,781. 

Total pounds of steam for spraying, 8,646. 

Total pounds of feed water, 149,160. 
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No. 21. — 7>«( of oil fuel in a Ilohenstein water-tube marine boiler y November 14, 190g. 
[Seven hours' duration with natural draft, using Advance Oil Company's burner, steam.] 



Calorimeter. 



I 



Time. I 



9.45 a. m.. 
10a. m.... 
10.15 a. m. 
10.30 a. m. 
10.45 a. m. 

11a. m 

11.15 a. m, 
11.30 a. m. 
11.45 a. m. 

12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m., 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m., 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p. m.. 






LbM. 
275 
273 
273 
265 
275 
274 
275 
270 
269 
280 
274 
270 
274 
268 
270 
273 
272 
276 
276 
277 
270 
275 
275 
275 
275 
274 
275 
275 
275 



1 



i 



T,. 



Temperature. 



& 



Outside. 



120 
120 
120 
120 
122 
118 
120 
119 
120 
120 
119 
120 
120 
119 
120 
122 
118 
118 
122 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 



°F. 
404 
404 
406 
408 
4081 
408' 
408 
408, 
402' 
406, 
406 
4061 
4061 
404 
406, 
4061 
402 
406! 
408| 
4041 
406: 
404; 
406; 
4061 
406 
408, 
406' 
408 
406 



T,. 



304 
302 
302] 
302 
302, 
302' 
302, 
3021 
302' 
302 
302 
304 
302; 
302| 
3021 
302, 
302; 
302 
302 
302 
302 
302, 
302 
302 
302| 
302; 
301 
302 
302 



Q. ! ^' 






0.983' 
.982 
.981 
.980 
.980 
.980 
.980 
.980 
.982 
.981 
.981 
.982 
.981 
.982 
.981 
.981 
.982 
.981 
.980 
.982 
.981 
.982 
.981 
.981 
.981 
.980 
.980 
.980 
.981 



3.0 1... 
2. 751 51. 5 



* F. 



°F. 

I 70 

51.0 I 69 



56. Oj 54. 



2.75 

2.75 

3.0 

2.75; 53.01 51.75; 

2.75 1 1 

3.0 ' ' 1 

3.0 ; I 

3.0 

3.0 

3.0 

2 75 

3! 58. 0: 55. 

2.75 

2.75 

3.0 

2.75, 

3.0 

2.75i 

2. 75 



S 

I. 
11 



-I' 



:l 



T 



62. 6j 57. 75 



il- 



2. 75, 63. 5 58. 25 
3.0 I 
2.75 
2. 75 . 



2. 75| 63. 0' 59. 5 

2.75 

2.75 

2.75 ' 



Average ..' 273.4 119.9'. 



I 



.981 



... 58.2 55.3 



71 
75 
71 
74 
77 
74 
74 
75 
74 
74 
75 
76 
80 
76 
78 
80 
82 
84 
82 
82 
83 
88 
82 
81 
84 
90 
90 



630 



620 



° F. ' 
310 
315 
310 
304 
299 
312 
300 
308 
304 
320 
324 
324 
326 
3361 670 90 



640 



Lbs. 
94 
95 
88 
90 
89 
87 
86 
90 
88 
90 
90 
90 
90 



635 



320' 

318 

320 

326 

326. 

326 

326 

324 645 

aS4 

330 

230 



90 
90 
90 
90 
90 
90 
90 
92 
93 
92 
84 
324 640 90 



342. 
332. 
340. 



91 
91 
91 



78.3 321 640 90 



Total pounds of oil burned, 7,517. 

Total pounds of steam for spraying:, 7,237. 

Total pounds of water, 84,966. 

Average draft pressure in furnace, —0.133 inch. 

State of weather, heavy mist until 10.30 a. m., then light mist. 

Barometer at noon. 30.23 inches. 

Draft opening into furnace, 8.45 to 10.45, 248 square inches; 10.45 to 11.45, 242 square inches; 11.45 to 
4.46, 698 square inches; average, 569 square inches: 5.15 a. m., started firas under main boiler; 6 a.^m., 
auxiliaries driven from main boiler; 6.15 a. m.. 275 pounds pressure in main boiler: 8.10 to 8.15, shut 
off burners to overhaul calorimeter; 8.45. began taking data; 9.45, official test starts. 

Temperature of oil in weigh tank, 5-1° F. 

Pressure on the oil system, 35 pounds. 

The boiler has been thoroughly washed out and the outside of lubes scraped with wire brushes to 
remove MX)t. 

The burner does not spray the oil sufficiently to produce a jet in which the combustion is selfsup- 
porting. In starting fires it was nece.nsary to keep a piece of burning oil soaked waste in front of each 
burner for at least a half hour, during which time the oil burned on the floor of the furnace near the 
back wall. The brick lining would then be sufflcientlv heated to ignite the oil in the jets by radia- 
tion. There was very little combustion in the front half of the furnace. 
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No. 21. — Test of oil fuel in a ITohensteiti waier-tuhe jnariiu boiler, November 14, Jt90£, 
[Seven hours' duration with natural draft, u-sing Advance Oil Company's burner, steam.] 







Draft pressures. 




Flue g'aseH. 


Oil burned per hour. 


1^ 

i 

1 






i 
1 

c 


Tube chamber. 


1 

H 

3 2 

> 

< 


•3 






CO. 




Time. 


-0.21 
- .21 


-0. 236 
- .236 


COg. 


0. 


1 


9.45 a. m . . 
10a. m 


-0.23 

- .23 

- .23 

- .23 

- .23 

- .25 

- .25 

- .25 

- .25 

- .22 

- .22 

- .22 

- .22 

- .22 

- .22 

- .22 

- .24 

- .24 

- .24 

- .24 

- .24 

- .24 

- .23 

- .23 

- .23 

- .23 

- .23 

- .25 

- .25 


-0. 4a5 
- .405 


-0. 56 

- .56 

- .53 

- .54 

- .54 

- .52 

- .52 

- .52 

- .52 

- .53 

- .54 

- .54 

- .54 


P.ct.'.P.ct. 
7."4'9.*6' 


P.ct. 
6*8"" 


Lbs. 





jj>h: Lbs. 



10.15 a. m. 


- .21 - .24 - .4 

- .21 - .24 - .396 

- .21 - .24 - .39 

- .225- .25 - .4 

- .225- .25 - .39 






10.30 a. m . 


1 






10.45 a. m . 


■ 1 




1,0951,20612,009 


11a.m.... 
11.15 a. m. 


7.7 9.3 

1 


(?) 


11.30 a. m . 


- .225 

- .225 

- .20 

- .20 

- .20 

- .21 

- .206 
- .20 


- .25 - .39 

- .25 - .38 

- .22 - .:« 

- .22 j- .:« 

- .22 - .38 

- .23 - .38 


1 " 


11.45 a, m. 


' 


1,0751,16111,892 
i , 


12in 

12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

1 p. ni 

1.15 p. m.. 
1.30 p. m.. 
1.45 p. m.. 

2p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3p.m 

3.15 p. in.. 
3.30 p. in.. 
3.45 p. m . . 

4 p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 p. m.. 


8.2 9.4 0.4 

1 


i i 


:::::::: 




1,1471,14812,589 


- .235 

— .22 


- .39 

- .37 

- .37 

- .38 


- .54 

- .52 

- .51 

- .52 


8.2 


9.0 


0.4 
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The burners required continual adjustment, due probably to the fact that the oil In the burner is 
admitted into a steam chamber against a pressure. A slight increase in the pressure of the steam ^oil 
pressure being constant) has the effect of throttling the oil, while if the steam pressure be reduced, 
even slightly, the oil is ejected in gulps. With 35 pounds pressure on the oil ana 90 pounds of steam 
and both oil and steam valves wide open, no oil is ejected from the burner. It is then necessary to 
throttle the steam considerably, probably until the steam pressure at the burner is reduced to very 
nearly that of the oil, thus a satisfactory adjustment is difficult. 

During this test, as well as on preliminary trials, it was found that if the amount of steam u.sed for 
spraying was reduced below 8 per cent of the water evaporated the spray became so coarse that oil 
waa thrown on to the floor of the furnace. 

There was no apparent effect due to the rifling of the burner orifice. It is probable that to produce 
the desired result the rifling should be developed into vanes set in the burner orifice. 

The jet produced was of small diameter and great velocity. • 

There was no deposit of carbon in the furnace. 
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No. 22. — Test of ail fuel in a UohentsUin itaier^ube marine boiler ^ November 17 ^ 1909. 
[Eight hours* daiation with natural draft, uidng Advance Oil Company's burner, under air.] 
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It may be of interest to note the amount of steam required to work the Rand air compressors. 
From a series of special tests made with these compreasora it was found that it required about 85.7 
I. H. P. to work the compressors at the speed made during these experiments. The evaporative 
water consumption, therefore, appears as follows: 85.7 1. H. P. x 34.5 » 1,231.5 pounds of steam con- 
sum^ per hour by compressors. 

State of weather, misty and cloudy. 

Barometer at noon, 30.16 inches. 

Draft openings into furnace: 8.80 to 4.80, 858 square inches; 4.30 to 5.30, 448 square inches; average, 
869 square inches. 

4.45 a. m., started fires in main boiler; 6 a. m., auxiliaries driven from main boiler; 6.15 a. m., 275 
pounds pressure in main boiler; 9.30 a. m., test begins. 

Hie notes on the run of the 14th instant apply for the most part to this test as well. 
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No. 22. — Test ofoUfud in a Hohenstein water-tube marine boiler , November 17 ^ 190S. 
[Eight hours' duration with natural draft, using Advance Oil Company's burner, under air.] 
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There was no opportunity to determine whether the combustion in the let is self>supporting when 
air is used as the spraying agent. Inasmuch as steam must be used in the burners until there Is suffi- 
cient steam pressure in the main boiler to drive the air compressor. 

At the end of the test there was no deposit of carbon in the furnace. 

The rear wall of the furnace was white hot and cracked in several places as a result of this run, 
indicating a local heat greater than that ordinarily developed in this furnace. 

Per cent of flue gases: Apparatus broken. 

Total pounds oiibumed, 8,676. 

Total pounds water, 100,493. 

Air pressure for spraying, 86 pounds. 

Pressure on oil system, 25 pounds. 
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Xo. 23. — TetU of oil fuel in a Hohenttein water-tube marine boiler ^ Norember 28^ 1902, 
f Ei^ht hoiira' duration with natural draft, UMing Branch crude-oil burner, steam.] 
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state of weather, cloudy. 

Barometer at noon, 30.14 inches. 

Draft opening into furnace, 476 square inches. 

Total pounds of oil burned, 10,117. 

Total pounds Hteam for burners. 9,885. 

Total pounds feed water, 116,120. 
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No. 23. — Test of oil fuel in a Ilofienstein water-tube marine boiler ^ November 28 ^ 1902, 
[Eight hours' duration with natural draft, using Branch crude-oil burner, steam.] 
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5 a. m., started flres under main boiler; 6 a. m., auxiliaries driven from main boiler: 
pounds pressure in main boiler; 8.15 a. m., test begins. 

Before this test the boiler had been washed out and the tubes cleaned of soot. The furnace was 
filled with earth to a level of 5 Inches below the burners. Air u])takes of brick 4 inches deep were 
built in the way of each of the front openings of the furnace. This was done by direction of a repre- 
sentative of the burner in order (as he expressed it) to cut down the heated surface. 

The filling up of a portion of the furnace with earth reduced the volume of the furnace to such an 
extent as to interfere with the capacity output of evaporation of the oil fusel installation under test. 

From time to lime during the t€st it was suggested to the representative who operated the burners 
that a higher efficiency might be obtained with a reduced consumption of oil. and that the amount 
of steam used in atomizing might be reduced. The burner sprays well and is easily adjusted. A 
comparatively high oil pressure is required. The burner must be taken do>vn and disassembled to 
be cleaned. 
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No. 24. — Test of oil fuel in a HohenMein vxUer-tube marine boiler ^ December 1, 190$, 
[Four hours' duration with 2-inch forced draft, using Branch crude-oil burner, steam.] 
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2.5 


83 




388 




95 


55 


1 p. m 


278 


108 


400 


300 


.982 


2.5 


83 




382 




95 


56 


1.15 p.m.. 


276 


112 


402 


300 


.981 


2.5 


83 




380 




95 


55 


1.30 p.m.. 


275 


114 


4*X) 


mi 


.mi 


2.5 


83 


42 


376 


805 


96 


65 


1.45 p. m.. 


279 


112 


402 


300 


.981 


2.5 


84 




378 




96 


56 


2 p. m 


280 


98 


400 


300 


.982 


2.5 


85 




382 




96 


66 


2.15 p.m.. 


278 


110 


402 


:iOO 


.981 


2.5 


85 




380 




95 


56 


Average .. 


276. 5 


110.2 


.... . 




.981 




82 


42 


378 


796 


94.2 


66 









State of weather, partly cloudy to clear. 
Barometer at noon, 30.10 inches. 
Draft openings into furnace, 476 square inches. 

7 a. m., started tires under main boiler; 8 a. m., auxiliaries driven from main boiler; 8.15 a. m., 275 
pounds pressure in main boiler; 10 a. m., started forced draft; 11.15 a. m., test begins. 
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No. 24. — Te9t of oil fuel in a Hohenstein water^ube marine boiler, December 1, 190^. 
[Four hours' duration with 24nch forced draft, using Branch crude-oil burner, steam.] 



Time. 



10.15 a. m. 
10.30 a.m. 
10.45 a. m. 

11 a. m 

11.15 a. m. 
11.30 a.m. 
11.45 a. m. 

12m 

12.15 p. m. 
12.30 p.m. 
12.45 p. m. 

1 p. m . . . . 
1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 

Average .. 



Draft pressures. 





1 


Furnace. 
Combustion 


1.6. 1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 


1.6 


1.0 



Tube cham- 
ber. 



1.1 
1.1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



1.01 



0.9-^.25—0.55 



.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 



.9 



I 
I 



I 



— .25 

— .18 

— .23 

— .23 

— .18 



I 



.56 
.54 
.55 
.55 
.56 
.50 
.54 

— .22'— .50 

— .22— .55 

— .22J— .50 
.22— .50 
.22— .55 



i 

CO 



0.5 



— .22 

— .22 

— .22 

— .22 



— .22 



— .50 

— .53 

— .54 

— .53 



— .532 



.25 



.375 



9 

1 



.a 



Lb9. 

383 

383. 

384 

381 

383 

382 

381 



381 
383 
382 
383 
383 
383 
382 
381 
381 



1,975 



1,994 



2,008 



1,999 



1,110 



1,065 



I 



Lbs, 





19,520 



19,805 



1,01920,298 



2,018 1,147|20,505 



1,08520,032 



Before this test the boiler was blown " half a glass." 

The arrangement of the furnace was the same as on November 28. 

Total pounds oil burned, 7.996. 

Total pounds steam for burner, 4,341. 

Total pounds feed water, 80,128. 
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No. 25. — Test of oil fuel in a Hohenstein water-tube marine boiler, December 2, 1902. 
[Three hoam' duration with 2-inch forced draft, using Branch crude oil burner, air.] 



Time. 



11a. m 

11.15 a. m. 
11.30 a.m. 
11.45 a. m. 

12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 278 
Ip. m....! 274 
1.15 p.m.. 277 
1.30p.m..! 275 
1.46 p.m.. I 280 



275 
275 
278 
274 
275 
278 
274 



2 

I 

i 

120 
112 
110 
108 
108 
110 
112 
108 
109 
112 
110 
108 



Average .. 266. li 110.6 



Calorimeter. 



T,. 



°F. I 
4041 
402 

400' 

I 
400 

402* 

402 

400| 

402 

4oo; 

402 
40o' 
400 



I 



! Q- i 



I 



Temperature. 



°F. ' I /««. 

298 0.979' 2.25 



° F. 

78 

2.25 80 

2.25' 80 

2. 25- 81 

1. 75' 82 

981' 2.25' 8:3 

. 982' 2. 00 84 

. 98l| 2. 25 84 

.982 2.25 

.98l' 2.5 



.980 
.981 
.981 

.980 

,1 



298 

298' 

298 

298' 

300 

300 

300' 

300 

300! 

300l .982' 2.5 

300| .982; 2.5 



1 



.981. 



85 
85 
85 
85 



82.7 



° F. 



46 



46 



46 



340, 
340 
320' 
338 
338' 
33H 
324| 
318. 
308i 
320i 
316; 
312 





B 




£ 


M 


^ 






? 


of 





S 


1 


1^ 




Zi 


OS 


P 























tf 


°F. 





805, 



775, 



.1 7' 



755 



I 





Lbt. 


91 


50 


87 


50 


93 


50 


80 


50 


79 


50 


77 


49 


74 


43 


78 


49 


75 


49 


77 


50 


75 


49 


74 


50 



46; 326! 778 80 49.1 



State of weather, clear and dry. 
Barometer at noon, 29.96 inches. 
Draft opening into furnace, 476 squitre inches. 

7 a. m., started fires under main boiler; 7.46 a. m., auxiliaries driven from main boiler; 8 a. m., 275 
pounds pressure ii) main boiler; 10 a. m., started forced draft; 11 a. m., test beglru<. 
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No. 25. — Test of oil fuel in a Hbhenstein water-lube marine boiler , December 2, 1902, 
[Three hours' duration with 2-inch forced draft, using Branch crude oil burner, air.] 



Time. 



11a. m 

11.15 a. m. 
11.30 a. m. 
11.45 a. m. 

12m 

12.15 p. m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 "p.m.. 
1.45 p. m.. 

Average .. 



i6«. 

30 

30 

30 

30 

30 

30 

30 

30 

30 

' 30 

! 30 

' 30 



30 



Draft pleasures. 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



2 1.6 



Tube cham- 
ber. 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



1.0 



% 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0, 



i.o; 

1.0 

i.o| 

1.0 
1.0 
l.Oj 

1.0 
1.0 

^■\ 

.1.0 
1.0 



I.o: 1.0; 



-0.3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 

- .3 



1.0. 1.0 



I 



-0. 42 

- .42 
.42 

- .42 

- .42 

- .42 

- .42 

- .42 

- .42 

- .43 

- .43 

- .42 





C 




93 












O 




s 




o 








■js 


6 


s 


iA 3 


2 > 


S 1 % 


M « 



3 




% 


A 


%, 


I 


% 


s 


e 


as 







I 



.422 



1.0 



....I 



1.0 



.25 



.75 



395' 

396 
396 
394 
393 
391 



JM. 




2,005. 19,910 



^1 



389, 

390 1,922 

389. 

391. 

395 1,456 



392 



1,794 



19,976 



14,532 



18, 139. 39 



Before this test the boiler was blown down " half a glass." 

The arrangement of the furnace was the same as on November 28. 

After running 2| hours the test was stopped on account of lack of oil. 

Total pounds oil burned, 5,883. 

Total pounds feed water, 64,418. 
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No. 26. — Test of oil fuel in a Hohenstein water-tube marine boiler, December 4, 190i^ 
[Foar hours' duration with 2-inch forced draft, using Branch crude-oil burner, air.] 









Calorimeter. 


1 




Temperature. 




I 

1 






















Time. 


OD 


1 

2 

a 


Ti. 


T,. 


Q. 


1 
ft 

a 

1 

1 


a 

< 




i 

< 


1 

1 


Air pressure for burners. 




Lbs. 


o^ 


<=>/: 


o/*. 






OF. 


OR 


OR 


OR 




Lbi. 


11a.m.... 


277 


110 


410 


301 


0.979 


2.25 


81 




332 




53 


49 


11.15 a. m. 


278 


113 


410 


300 


.978 


2.5 


80 




336 




52 


49 


11.30 a.m. 


275 


100 


408 


300 


.979 


2.5 


80 


46 


340 


720 


53 


49 


11.45 a.m. 


275 


110 


408 


300 


.979 


2.5 


80 




830 




52 


50 


12m 


275 


114 


408 


300 


.979 


2.5 


80 




330 




53 


49 


12.15 p.m. 


278 


110 


408 


300 


.979 


2.5 


80 




332 




53 


49 


12.30 p.m. 


274 


90 


408 


300 


.979 


2.25 


80 


46 


336 


760 


54 


50 


12.45 p.m. 


278 


108 


410 


300 


.978 


2.5 


79 




342 




53 


49 


1 p. m 


276 


104 


408 


300 


.979 


2.5 


79 




342 




53 


49 


1.15 p.m.. 


276 


108 


408 


300 


.979 


2.5 


m 




334 




53 


49 


1.30 p.m.. 


276 


113 


408 


300 


.979 


2.5 


80 


46 


330 


740 


53 


49 


1.45 p.m.. 


280 


112 


408 


300 


.979 


2.5 


80 




334 




55 


50 


2 p. m 


277 


113 


408 


300 


.979 


2.5 


78 


. • • . • 


334 




54 


49 


2.15 p.m.. 


275 


108 


406 


300 


.980 


2.5 


81 




338 




53 


49 


2.30 p.m.- 


276 


112 


408 


300 


.979 


2.5 


81 


46 


332 


.. . . . 


53 


49 


2.45 p.m.. 


275 


112 


410 


300 


.978 


2.5 


81 




318 




53 


49 


3 p. m 


275 


120 


408 


300 


.979 


1.75 


80 




316 




53 


49 


Average . . 


276.2 


109.2 






.979 




80 


46 


333 


740 


53.1 


49.2 



State of weather, heavy mist 

Barometer at noon, 80.04 inches. 

Draft opening into furnace, 680 square inches. 

7 a. m., started fires under main boiler; 8 a. m., auxiliaries driven from main boiler; 8.10 a. m., 275 
pounds pressure on main boiler; 10 a. m., started forced draft; 11 a. m., test begins. 

Before this test the boiler had been blown down "half a glass" and the earth in the furnace 
removed. (This had melted and caked to a depth of 3 inches and the earth on the bottom was still 
red hot eighteen hours after the burners were extinguished.) 
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No. 26. — Test of oil fuel in a HoJienstein water-tube marine boiler, December 4, 1902. 
[Four hours' duration with 2-inch forced draft, using Branch crude-oil burner, air.] 



Time. 



lla.m 

11.15 a. m. I 
11.30 a. m J 
11.45 a. m . 

12m 

12.15 p.m. I 
12.30 p.m. 
12.45 p. ra.l 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p. m.- 

3 p. m 

Average .. 



Lbi. 

:30 
30 
30 
30 
30 
30 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 



36.5 



Draft pressures. 



Tube cham- 
ber. 



^ 
B 



3 

s 



1.6 

1.6 

1.6 

1.6, 

1.6 

1.6' 

t 

1.6 

1.6 

1.6' 

1.6; 

1.6 
1.6. 

1.6| 
1.6l 
1.6 

"1 

1.6 



2 1.6 



1 



a 



I 

lO; 0. 95 
05. . 9 
.9 
.9 
.9 



1 



.9 I 

1 

1 

1 

1 

1 

1.03 
I 1.02 
I 1.02 
; 1.02 
i 1.02 



2 ; 

^ I 
1 






-0.25 

- .27 

- .26 

- .27 

- .27 

- .27 

- .27 

- .27 

- .27 

- .27 

- .27 

- .27 

- .26 

- .27 

- .27 

- .27 

- .27 



-0.42i. 
- .42. 



. 42, 0. 75 



1.05' .974- .268 



-.42 

- .42 

- .42 

- .42 
-.42 

- .42 

- .42 

- .42; 

-.42: 

- .42 

- .42' 

- .42; 
-.42! 
-.42' 



- .42 



.92 



I a 



o 

J3 



2 



38' 

378 

382 

380. 

383 

384 

383 

385 

384 

384 

385 

388 

390 

387 

385 

385 

385 



IJ)8. 





384 



1,722 



1,885 



Lbs. 




16, 876 



18, 275 



1,90518,388 



1,728 



1,810 



17,036 



17,644 



Deflectors were placed in the ash-pit openings to direct the entering air upward. Only four burners 
were used, the two side burners being idle. The feed water during tne test was very muddy. 
There was a deposit of carbon 14 inches in diameter on the left side wall of the furnace. 

Total pounds oil burned, 7,240. 

Total pounds feed water, 70,575. 

32196—04 11 
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No. 27. — Tett ofoUfud in a Hohendein waUr-tube marine boUer, December 6, 1902, 
[Five hoan' duration with 2-inch forced draft, using Branch crude-oil burner, steam.] 



Time. 



11a. in 

11.15 a. m. 
11.30 a.m. 
11.45 a.m. 

12 m 

12.15 p.m. 
12.30 p. m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3,45 p.m.. 

4 p. m 

Average .. 



JUw. 
275 
275 
275 
275 
280 
274 
276 
274 
275 
276 
275 
275 
275 
276 
276 
275 
275 
276 
276 
275 
278 



275.4 



13 

I 



113 
100 
102 
108 

93 
100 
100 
102 
102 
108 
103 

96 
103 
103 
100 
101 
103 
104 
103 
100 
104 



Calorimeter. 



102.05 



T,. 



408 

\m 
Am 

406 
+08 
406 
408 
406 
408 
408 
408 
40H 
4<k8 
406 
406 
408 
406 
406 
406 
409 



op 

3000. 

301 

301 

301 

300 

301 

301 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 



.979 
.980 
.980 
.980 
.980 
.980 
.980 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 
.979 



.9793 



XX 



Temperature. 



I 



is 

< 



Int. 

1.75 

2 

2 

1.75 

1.75 

1.75 

1.75 

2 

1.75 

1.75 

1.75| 

1.75 

1.75 

1.75 

1.50 

1.75 

1.75 

1.75 

2 

1.75 

1.75 



'F. 
70 
70 
70 
72 
72 
72 
72 
73 
72 
72 
72 
72 
72 
71 
73 
73 
73 
73 
73 
74 
74 



I 



S 

I 



<> F. 



40 



40 



40 



40 



40 



40 






^ F. I 
370' 
372 
372 
374! 
378 
376 
376 
372 
384 
374 
374 
378 
378 
372 
382 
390 
386 
386 
380 
382 
378 



' F. 




800 



379 



790 



810! 



850 



830 



JJbt. 
90 
89 
88 
92 
93 
90 
92 
94 
90 
92 
90 
90 
90 
90 
91 
90 
.90 
90 
92 
93 
92 



55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 



816 90.9 55 



State of weather, wet and snowing. 
Barometer at noon, 29.(59 inches. 
Draft opening into furnace, 660 square inches. 

7 a. m., started flree under main boiler; 7.46 a. m., auxiliaries driven from main boiler; 8 a. m., 275 
pounds pressure in main boiler; 10 a. m., started forced draft; 11 a. m,. test begins. 
Before beginning this test the boiler was blown down " half a glass." 
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No. 27. — Tegt of oil fuel in a Hoherutein ivater-tube marine boiler , December 5, 190^, 
[Five hours' duration with 2-inch forced draft, using Branch crude-oil burner, steam.] 



Time. 



11 a. m 

11.15 a. m. 
11.30 a.m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

Average .. 



i 



1.55 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 



1.6 



Draft pressures. 



§ 
i 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



1.0 



Tube cham- 
ber. 






0.95 

1.0 

1.0 

1.0 ! 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 



LO 



0.9 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 



,97 



-0.3 

- .25 

- .25 

- .25 

- .30 

- .25 

- .25 

- .25 

- .25 

- .25 

- .25 

- .25 

- .25 

- .25 

- .25 
-.25- 

- .27 

- .27 

- .27 

- .27 

- .27 



-0. 



J 



..«- 



4:^ 



.25 



.25 



1.0 



.25 



o 

p 



o 

U3 



Lbs. 
365 
364 
372 
375 
365 
368 
365 
370 

368 2,075 
369 



OS u I 

ii 






Lbs. 




Lbs. 




2,188 



1,318 20,787 



1,056 20,774 



2,020 1,220 20,194 



.370. 
370. 
370 

369 ! 

370 1 1 

370 

372| 2,123 1,185 20,861 

370. 

370. 

372 

372 



i 



,35 369 



2,069 1,16020,878 



2,096; l^iySL'O^eSJy 



The feed water used during test was very muddy. 
Draft pressure in flreroom, 2 inches. 
Total pounds oil burned, 10,475. 
Total pounds steam for burners, 5,989. 
Total pounds feed water, 103,494. 
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No. 2S. — Tent of (til fuel m a llnhenMein miter-Utlte utarine boiler, Decemlter Gy JfH)3. 
[Two hours' duration with 2-inch forced draft, nsinjf Branch cnide-oil burner, air.] 



Calorimeier. 



Time. 



1 

t 

2 



275 ■ 



11 a. m 

11.15 a. m. 275 

11.30 a. m. 276 

11.45 a. in. 270 

12 m 277 

12.15 p.m. 275 

12.30 p.m. 270 

12.45 p. m. 275 



S 

° F. 
100 
102 
103 
100 " 
100 
100 
118 
96 



Ti. 



° r. 
408 
40<y 

406| 

406; 

408 
406 
406 
406 



Tj. I Q. 



I 






Temperature. 



12.55 p. m 400 

Average . . 274. 91 102. 4 



^ F. 
296 
292 
296 
296 
296 
296 
29() 

296 

I 
294 



0.977 1.75 

.975 1.75 

.977 1.75 

.977 2 

.977 1.75 

.977 2 

.977 1.75 

.977 1.75 

.979I 1.7.^ 



.977 



I £ 



°/\ 

68 

68 

70 

70 

70 

72 

72 

72 

72 



* 

A 



° F. 



31 



31 



OK 
316 
300 
314 
310 
310 
322 
394 
296 
224 






750 



ri5 



74 

741 
75 

3 
'■■'; 

75 

':\ 



70.4 31 310 733 



I 

.5 



JM. 
49 
49 
49 
49 
49 
49 
49 
49 



49 



State of weather, heavy mist, then clearing. 
Barometer at noon, 30.36 inches. 

Draft openings into furnace. 660 square inches until noon, then 67'2 muarc inches. 
7 a. m.. .started fire.s under main i)oiler: 7.45 a. m.. auxiliaries driven from main boiler; 8 a. m., 275 
pounds pressure in main boiler; 10 a. m.. started forced draft; 11 a. m., test begins. 
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No. 28. — Test of oil fuel in a Holvemsiein waier'tahe marine boiler, December 0, rJ02. 
[Two houTH' duration with 2-inch forced draft, using Branch crude-<jil burner, air.] 





g 

Lbs. 
35 

:i5 

35 
35 

:i5 

35 
35 
35 






Draft pressure.* 


. 


• 


•3 


i 
p 








B 

S 

2 


i 

OS 

E 


a 
% 

c 
c 

1 

5 


Tube cham- 
ber. 


> 




i 3 

1 , ^ 


Time. 


I 


1 


c 

5 


Pi 
0) 

1 

IM. 




11 a. Ill 


1 

1 
1.6 1 

1.6 1 

1.6' 1 

1.6' 1 

1.6 1 

1.6 1 

1.6 1 

1.6. 1 


0.95 


-0.27 

- .27 

- .3 

--i 

- .3 

- .3 

- .3 


1 

- .38. 

- .38 

- .38. 

- .38. 

- .38|. 

- .38 

- .38'. 




372 
373 
372 
370 
372 
368 
367 
367 


JJbs. 



11.15 a. m. 


1 






11.30 a. m. 


ll .95 
l! .95 
l| .95 
l| .95 
1 .95 
1 .95 






11.45 a. m. 


i 


12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 
12.55 p. m. 


.... 


1,94519,406 


.25 


1 


1,75218,398 


















Average .. 


35 


2 


1.6 


1 


1 .95 


- .29 


- .38 


.63 


370 


1,84818,902 



Feed water very muddy. The boiler was blown down " lialf a gla.ss " before beginning test. Also 
two of the burners were taken down and cleaned. They had become clogged with packing, probably 
from the gland on the oil regulating valve. 

Test was stopped at 12.55 p. m. on account of accident to air compressor. 

Total pounds oil burned. 3,697. 

Total pounds feed water, 37,804. 
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No. 29. — Test of oil fuel in a Hohenstein water-tube marine boiler, January i, 190S, 
[Four hours' duration with 2-inch forced draft, using Best crude oil burner, steam.l 



Tlroo. 



6.45 p. m. 

6 p. in . . . 
6.15 p.m. 
6.30 p. m. 
6.45 p.m. 

7 p. m . - . 
7.15 p.m. 
7.30 p.m. 
7.45 p.m. 

8 p. m . . . 
8.15 p. m. 
8.30 p.m. 
8.45 p.m. 

9 p. m . - . 
9.15 p.m. 
9.30 p.m. 
9.45 p.m. 

Average . 



I 



Calorimeter. 






I 



Lbt. 
27b 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275j 
275' 
275' 



96 

100 

96 

90 

100 

92 

92 

94 

102 

100 

88 

88 

100 

92 

94 

92 

92 



404 
404, 
404' 
404! 
402, 
402' 
402 
402 
402 
402 
402 
402 
402 
402 
402 
402 
402 



275' 94.6. 

1 I 



°F. , 
2980. 

290 . 

290 . 

292 . 

288 . 

288 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 

290 . 



9795 

975 

975 

976 

9745 

975 

976 

976 

976 

976 

976 

976 

976 

976 

976 

976 

976 



.976 



B 

u 

o 

A 
3f 



Temperature. 



Inside. 






Ins. ° F. 
2 

3 88 

2! 



J 



85 



2 88.5 

2 

2 

2 

2 

2. 

2 

2 

2 

2. 

2. 



84 



86.4 



° F. 



72 



73.5 



72 









70.5: 



76 
76 
74 
74 
74 
72 
72 
72 
72 
72 
70 
68 
68 
68 
68 
70 



'I 



° F. \^ F. 
426 '.... 
420 I 720^ 
420 
426 
430 
428 
428 
428 
426 
426 
432 
432 
432 
428 I 775 
426 1.... 
430 
428 



745 



760 



72.0' 71.47! 427.4 



75d 



Lbs. 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



90 



State of weather, misty. 
Barometer at noon, 80.3 inches. 

Draft opening into furnace, 4 (o\ 3 □ = 776 square inches. 

Boiler under 275 pounds from 11 a. m. until 12.15, when shut down on account of trouble with water 



gaugi 
Ble 



Blew down boiler 1 glass at 1 p. m 
4 p. m., forced draft put on. 4.45, 



started under full test conditions. 
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No. 29. — Test of oil fuel in a HohensLein vnUer-tube marine boiler, January i, 190S. 
[Four hours' duration with 2-inch forced draft, using Best cmde oil burner, steam.] 



Time. 



Draft pressures. 



o 



5 



5.45 p. m. 

6 p. m ... 
6.15 p.m. 
6.30 p. m. 
6.45 p. m. 

7 p.m ... 
7.15 p. m. 
7.30 p.m. 
7.45 p.m. 

8 p. m . . - 
8.15 p.m. 
8.30 p.m. 
8.45 p.m. 
9p.m ... 
9.15p.m- 
9.30 p. m- 
9.45 p.m. 

Average . 



Tube 
chamber. 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



1.0 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

i.o 



1.0 



1.0 



0.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2- 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 



-0.4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 

- .4 



- .4 



Flue gases. 



COfr 



P.ct. 



7.5 



6.8 



6.4 



6.9 



P.eL 



11.6 



12.0 



11.9 



CO. 



P.eL 



0.3 



12.2 .3 



I 
1 



385 
383 
379 
382 
384 
385 
374 
382 
385 
383 
384 
384 
386 
382 
386 



I 






Lbt. 



2,025 



2,045 



Si 






Um. 



2,000 65819,356 



2,089 62820,547 



383.3 2,040 66820,424 



I 
t 

I 



Lbs. 



68021,003 



70620,791 



6.45, test records assumed to begin, but had been taken from the start at 4.4& 9.46^ test ooodudeiL 

Temperature of oil in weigh tank, 86° F. 

Pressure on oil system, 80 pounds. 

Draft pressure in iireroom, 2 inches. 

Draft pressure at furnace, 1.5 inches. 

Total pounds oil burned, 8.159. 

Total pounds steam for spraying, 2,672. 

Total pounds feed water, 81,697. 
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No. 30. — Test of oil fuel in a IloliensUin water-tube marine boiler y January S, J 90S. 
[Six hours' duration with 1-lnch forced draft, using Best crude-oil burner, Bteam.] 







1 
2 

1 


Calorime 
T,. T.. 


ter. 


1 


Te 
Inside. 


mperatu 

c 
< 

°F. 
80 
82 
82 
82 
82 
84 
84 
84 
84 
84 
84 
84 
85 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 


re. 






i 

cu 


Q. 


1 

a 

1 


V 

B 
B 

1 

to 


1 

■3 

1 






Time. 


i 


^ 

i 


c 

1 


Lbs. 
11.30 a. m.275 


op 

98 
110 

98 
110 
118 

93 
110 
110 
108 
108 
102 
100 
104 

96 
118 
115 
115 
118 
100 
102 
108 
100 
108 

98 
110 


404 
404 
404 
404 
404 
404 
404 
404 
404 
4(M 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 


op 

290 
290 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 
292 


0.975 
.975 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 
.976 

.976 


Ins. 

1.25 

1.25 

2.0 

2.5 

2.0 

1.5 


°F. 


•'■ 


OF. 
410 
410 
410 
412 
410 
406 
412 
408 
408 
406 
408 
408 
408 
410 
404 
406 
398 
398 
406 
408 
404 
400 
410 
410 
408 


695 

700 

680 

680 

670 

700 



90 


11.45a. m.275 






90 


12 m '275 

12.15 p. m.275 
12.30 p. m.275 
12.45 p. m.273 

lp.m 275 

L15p. m..'275 
1.30 p.m.. 275 
1.45 p.m... 275, 

2p.m '275 

2.15 p.m.. 275 
2.30 p.m.. 274 
2.45 p.m.. 270 

3p.m '275 

3.15 p.m.. 275 
3. 30 p. m . . 275 


104 


80 


90 
90 






90 







90 


1.75 
1.5 


104.75 


80 


90 
90 


1.5 

1.5 

1.75 

1.75 

1.5 

2.0 






90 






90 


105 


82 


90 
90 






90 






90 


1.5 

1.5 

1.75 

2.0 

1.5 

1.5 

2.0 

2.0 

1.5 

1.5 

1.5 


103 


79 


90 
90 






90 


8.45 p.m.. 

4p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 p. m.. 

5p. m 

5.15 p. m.. 
5.30 p. m.. 


275 
275 
275 
275 
275 
275 
275 
275 






90 


106.5 




82 


90 
90 
90 






90 


112 


84 


90 
90 






90 










Avera^^e .. 


274. 68 


106.28 


! 
! 


1108.8 


81.1 


83. 56 


407.1687.5 

1 


90 



state of weather, overcast; heavy fog. 
Barometer at noc^n. 29.63 inches. 

Draft opening into furnace, 4 3 □ = 776 square inches. 

Started fires in main boiler at 7 a. m.; 27.5 pounds pre.««ure in main boiler at 8 a. m.; started forced 
draft at 9.30 a. m.; started test records at 11.30 a. m. 
Temperature of oil in weigh tank, 32° F. 
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No. 30. — Test of oU fuel in a Hohenstein water-tube marine boiler y January 3, 1903, 
[Six hours' duration with 1-iiich forced draft, using Best crude-oil burner, steam.] 



Time. 



11.30 a. m. 
11.45 a. m. 

12 m 

12.15 p. m. 
12.30 p.m. 
12.45 p. m, 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2p.m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p. m.. 

3p.m I 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4p.m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p. m.. 

5p. m , 

5.15 p. m..' 
5.30 p.m.. I 



Draft prcssurea. 



B 



B 

8 



Tube 
chamber. 



I 2 



0.47 
.4 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 



0.45 
.45 
.45 
.45 



I 
0.45- 

«r 

45'- 
.45; .45- 

.45| .45- 
.45' .45- 
.45- .45- 
.45 .45'- 
,45 .45!- 
.45, .45- 
.45, .45,- 



.! 



.47; .45 .45;- 
. 47 . 45 . 45 - 
. 47' . 45^ . 45 
.45 .45- 
. 45j . 45 - 
.45 .45- 



.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 



Average -.| .47 



.45 .45- 
. 45' . 45 - 
.45! .45- 
.45 .45- 
.45 .45- 
.45! .45- 



.45 



.45 



B 
g 

c 

I 



5 

< 



0.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 

.a5 

.05 

.05 

.05 

.05 

.05' 

.05 

I 

.05 

.05: 

.05 

I 

.a5' 



Flue gases. 



CO2. 



CO. 



p.ct.l p.ct. j P. a, 
-0.5....! 

-.5....! 

- .5' 7.9 10. l| 

- .5.. 



.5.. 

.5.. 

.5 7.8 

.5.. 

.5.. 

.5.. 



10. 0. 3 282 

I I 



.5 7. 7, 10. 7 ; 282 
.5 



.45- .05 



.45- 



.05' 



.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 



7.6. 11.0 



8.0 



10.7 



7.8 



10.5 



I 283 







t^' 








5 








.c 








h 








t 


' u 


1 

c 


I 


C 

t 

0. 




1 

9 


% 

E 

9 


ST 




p 



Xi ■ 


t 


1 


tf 


IJb9. 


CO 


£ 




Lb», 


Lbs. 


282 











283 








?8? 




1 


28? 




L..... 


282 


1,807 


793 


19,806 


281 








282 








282 








282 


1,771 


830 


18,768 


282 








282 








282 









.! 282 1,732 76318,663 
J 283 

i 



T 



.06 282.5, 1,694 

I I 



80617,229 



282 

283 ,1,603 

282 

283 

285 

283 ,1,600 78517,010 

283 

283 

283 

283 ■ 1,650 81017,925 



79818,233 



PresBure on oil system. 30 pounds. 
Draft prewurc in fireroom, 1 inch. 
Draft pressure at furnace, O.H inch. 
Total pounds oil burned, 10,163. 
Total pounds steam for sprayiuR, 4,787. 
Total pounds feed water, 109,401. 
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No. 31. — Teit of oil fuel in a Hoherutein vxUer-tube marine boiler^ January 5, 190S, 
[Four hours' duration with 3-inch forced draft, using Best crude oil burner, under steam.] 



Time. 



3.46 p.m. 

4 p. m . . . 
4.15 p.m. 
4.30 p. m. 
4.45 p. m. 

5 p. m . . . 
5.15 p.m. 
5.30 p. m. 
5.45 p.m. 

6 p. m . . . 
6.15 p.m. 
6.30 p.m. 

6.45 p. m- 

7 p. m . . . 
7.15 p.m. 
7.30 p.m. 

7.46 p. m . 

Avera^ . 



275 
275 
275 
275 
273 
275 
275 
275 
275 
275 
275 
275 
274 
275 
275 
275 
275 



274. 






110 
121 
100 
98 
94 
90 
90 
100 
96 
85 
94 
96 
94 
94 
98 
98 
98 



Calorimeter. 



T,. 



' F. 
400 
402 
404 
402 
402 
402 
404 
404 
402 
400 
404* 
402 
404 
402 
402 
402 
402 



T,. 



97.4.. 



286 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 



0.9740 
.9745 
.9735 
.9745 
.9745 
.9745 
.9735 
.9735 
.9745 
.9740 
.9735 
.9745 
.9735 
.9745 
.9745 
.9745 
.9745 



.9741 



i 

I 






Int. 

1.5 

2.0 

1.5 

1.5 

1.5 

2.0 

1.75 

1.75 

1.5 

2.0 

2.5 

1.75 

1.5 

2.0 

1.5 

1.5 

1.5 



Temperature. 



Inside. 






«3 



'F. 











94 


72.5 












104.5 


81 











104 


80 








105 81 

1 


1 



101. 8 78. 6 



op 

76 
77 
77 
78 
77 
78 
78 
78 
78 
78 
77 
77 
78 
78 
77 
77 
77 



I 



430 

430 

424 

438 

420 

442 

456 

450 

446 

448 

442 

450 ' 

450 I 

454 , 

456 I 

450 

456 



77.5 



I 

■*» 

at 

I 



720 



790 



810 



840 



443.5' 790 

I 



State of weather. 

Barometer at noon, 29.85 inches. 

Draft opening Into furnace equal 776 square inches. 

Test starts at 3.45 p. m.; lighted fires at 1 p. m.; 275 pounds pressure at 1.30 p. m.; 8-inch forced draft 
at 2 p. m. 

Boiler had been under steam during forenoon and was warm at 3 p. m. Nipple for feed pump 
pressure gauge burst; was replaced, stopping pump without shutting off oil. 
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No. 31. — Test of oil fad in a Hohenstein waier-tube marine Ix/Uery January 5, 190S. 
[Four hours' duration with 3-inch forced draft, using Best crude oil burner, under steam.] 



lime. 



3.45 p.m.. 

4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 
5.45 p. m.. 

6 p. m . 

6.15 p.m.. 
6.30 p.m.. 
6.45 p.m.. 

7 p. m 

7.15 p.m.. 
7.30 p.m.. 
7.45 p. m.. 

Average .. 



30 
30 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 



Bnll ptcffiareii. 



Tube I'h um- 
bers. 



331 2. 



33i 
33 
33 



33| 2.40 



1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 



1.6 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



Flue gases. 



0.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 

.5 

I 
.5 

.5 



CO,. 



P.ct. 



GOi. 



P. ct. I P. ct. 



6.4 10.0 



1.6 



8. 0, 9. 



I 



7.5 11.1 



1.5 



.5 7.3; 10.0 



.4 



.7 



448 
448 
449 
450 
450 
449 
448 
448 
448 
449 
448 
448 
448 
448 
448 
448 
449 



I 



5 



Lbs. 



I 
I 



Lbt. 



m 

I 



Lbs. 



2,277 823 22,812 



448.5 



2,521 850 26,546 



2,560 



2,582 



2,485 



801 



825 



25,882 



27,002 



824. 2j25, 560 



Temperature of oil in weigh tank, 40° F. 

Steam pressure for boilers, 90 pounds. 

Draft pressure in flreroom. 8 inches. 

Draft pressure in combustion chamber, 1.6 inches. 

Draft pressure at base of stack, -0.8 inch. 

Total pounds oil burned, 9,940. 

Total pounds steam for spraying, 3,299. 

Total pounds feed water, 102,2^ 
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No. 32. — Tt'Ht of oil fuel in a Ilohetistein water-tube viarine boiler, JanxMry 10, 1903. 
[Eight hourw' duration with natural draft, using Harvey system, compressed air.] 





i 
1 

i 

t 
P. 


1 

1 

1 


T,. 

OF. 
402 
402 
402 

•m 

408 
408 
408 
404 
408 
406 
408 
404 
408 
406 
408 
406 
402 
402 
404 
404 
408 
409 
410 
408 
408 
408 
410 
406 
406 
406 
406 
406 
406 


ilori meter. 

1 
T.. Q. 

i 
1 


1 
= 

if 

£ 

In$. 
2.5 
2.5 
2.5 
1.5 
2.5 

L 

1.5 




Temperature. 




^ 




Inside. 


c <^ 

2 1 c 

1 ! 
! ! i 

< ^ 

OF. ' °F. 
72 366 
76 358 
80: 354 

82 342 

83 338 
84, 340 

84 340 
86 338 
88i 336 
88 340 
88 338 
861 344 
84 344 
84. 344 
84 350 
86 358 
86 358 
90, 350 
90i 344 
90 332 
88 332 
88 322 
88 330 
90, 340 
901 342 
88, 334 
88 334 
88 340 
88*342 
88; 342 
88 336 
88, 336 
86l 338 


■ 1 


Time. 




i 

OF. 


1 ll 

1 • « 


10.30 a.m. 


Lbg. 
280 
276 
278 
276 
275 
275 
273 
275 
278 
275 
278 
275 
275 
277 
278 
275 
280 
275 
275 
275 
275 
275 
275 
276 
276 
275 
275 
276 
280 
278 
276 
275 
276 


OF. 

96 
120 
144 
128 
120 
120 
120 
128 
120 
120 
118 
114 
110 
110 
100 
108 
112 
110 
120 
120 
120 
120 
118 
120 
118 
120 
120 
122 
120 
120 
120 
128 
120 


OF. 
298 
300 
298 
304 
306 
304 
306 
306 
308 
306 
306 
306 
306 
308 
308 
308 
306 
306 
308 
308 
308 
308 
310 
310 
310 
310 
308 
308 
308 
308 
308 
308 
308 


0.9805 
.9816 
.9805 
.9830 
.9825 
.9815 
.9825 
.9840 
.9835 
.9830 
.9825 
.9820 
.9825 
.9845 
.9835 
.9845 
.9830 
.9830 
.9850 
.9850 
.9835 
.9835 
.9840 
.9845 
.9845 
.9845 
.9835 
.9845 
.9845 
.9845 
.9845 
.9845 
.9845 


OF 


OF. 

i 26 


10.45 a. m. 




■ 26 


lla.m 

11.15 a.m. 


99 81 


570 27 
1 27 


11.30 a. m. 




27 


11.45 a.m. 




27 


12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 
4.45 p. m.. 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 
5.45 p. m.. 

6 p. m 

6.15 p.m.. 
6.30 p.m.. 


101.5 79.5 


550 27 
27 


2.5 
1.5 
1.5 
L5 
1.5 
1 5 




1 27 




27 


116.5 88.5 



575 27 

27 

27 

... i 27 


2.5 
2 5 


110 86 


575; 27 
27 


2.5 
2.5 
2.5 
2.5 




: 27 




1 27 


i 19.51 87 


555 



"*566 

""565 
■"570 


27 
27 


3 

2.5 

2.5 

2.5 

2.5 

2 

2.5 

3 

2.5 

2.5 

2.5 

2.5 

2.5 




27 




27 


121 89 


27 
27 




27 






27 


121 


89 


27 

27 






27 


::::.:: 


27 


118.5 


87.5 


27 

27 






27 








Average .. 


276.1 


118.1 







.98;^ 




113.4 


85. 9 86, 341. 9 


565 27 



State of weather, clear, dry, and cold. 
Barometer at noon, 30.17 inches. 
Draft opening into furnace 3 U = 776 square inches. 
Air conduits of " Best" system in use. 

This run was made with the front row of baffling on the 4-inch tubes removed, leaving an opening 
of H inches extending the width of the furnace. 
Test starts at 10.30 a. m.; fires were lighted at 5.55 a. m.; boiler connected with auxiliaries at 7 a. m. 
Shut down from 8.06 until 8.55 on account of disablement of safety valve on auxiliary line. 



OIL TESTS. 
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No. 32. — Te^ of oil fuel in a Hoherudein water't\0)e marine boiler^ Januarif JO, J9fj.i. 
[Eight hours' duration with natural draft, using Harvey system, compressed air.] 



Draft pressures. 



Flue gases. 



Time. 



Tube chamber. 



2 



^ i COj. I O. I COi. 






I 



10.30 a. m . 
10.45 a. m 


0.16 
.16 
.16 
.16 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 


0.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 


0.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 


0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 


0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.42 
.42 
.41 
.41 
.41 
.41 
.38 
.39 
.39 
.39 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 


0.55 
.55 


P.ct. 


p.ct. 


P. ct. Lbs. 


Lbs. 


11 a. m 


.55 6.5; 11-7 







11.15a. m. 
11.30 a. m. 


.55 
.55 


1 


*'''" "ikVy 


ii/m 


11.45 a. m. 


.55 
.55 
.55 
.55 
.55 
.55 
.53 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.53 
.53 
.53 
.53 






12m 






12.15 p. m. 
12.30 p. m . 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m . . 

2p.m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p. m . . 

3p. m 

3.15 p.m.. 
3.30 p. m . . 
3.45 p. m . . 

4p. m 

4.15 p. m.. 
4.30 p. m . . 
4.45 p. m . . 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 
5.45 p. m.. 

6p. m 

6.15 p. m.. 
6.30 p.m.. 




1 




869 


9,325 






6.2 


12.6 


0.1 




1 


987 


12,097 


1 




1 






1 






I 


1,072 


13,073 








6.8 


11.4 


6 ' 


1 1 


1 


949 


11, 882 


1 1 




i 


1 i 




' ... ' ft4ft 


11,586 








.53 
.53 
.53 
.53 
53 


6.5] i2.2 


6 ::::::i ::::: 






• 986 


11,749 


i 




.53 
.53 


' 1 










922 


11,879 


Average . . . 


.17 


.243 


.226 


.241 


.411 


. 534 6. 5 


12.2 


0. 02 954. 3 


11,612 



Boiler ww washed out and tubes cleaned of soot before the run. 

Furnace as with *• Beat" burners. 

Temperature of oil in weigh Unk, 80° F. 

Air pressure at compressor, 23 pounds. 

Pressure on carburetter system, 18 pounds. 

Total pounds oil burned, 7,636. 

Total pounds feed water, 92,899. 
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No. 33. — Ted of oil fuel in a Hoherutein water-tube marine boiler j January 12, 190S, 
[Eight hours' duration with natural draft, using Harvey system, compresBed air.] 



I 



Time. 



I 



Average .. L'7d 





iM. 


«F, 


12 a. m ... 


21h 


90 


12.15 p.m. 


21fy 


120 


12.30 p.m. 


2K3 


120 


12.45 p.m. 


2H4 


112 


1 p. m 


275 


120 


1.15 p. m . 


275 


120 


1.30 p. m . 


275 


120 


1.45 p. m . 


27fi 


120 


2 p. m 


275 


120 


2.15 p. m . 


280 


120 


2.30 p. m . 


275 


120 


2.45 p. m . 


275 


120 


3 p. m 


275 


120 


3.15 p. m . 


275 


120 


3.30 p. m . 


275 


119 


3.45 p. m . 


275 


117 


4 p. m 


275 


120 


4.15 p. m . 


270 


118 


4.30 p. m . 


2H0 


120 


4.45 p. m . 


275 


120 


5 p. m 


275 


118 


5.15 p. m . 


275 


120 


5.30 p. m . 


275 


120 


5.45 p. m . 


275 


120 


6 p. m 


ZI'6 


118 


6.15 p. m . 


275 


120 


6.30 p. m . 


275 


118 


6.45 p. m . 


275 


115 


7 p. m 


275 


104 


7.15 p. m . 


276 


120 


7.30 p. m . 


278 


120 


7.45 p. m . 


275 


122 


8 p. m 


276 


118 



% 


«^ 


i 




1 

< 


1 

Id 

! 


28 


300 


OK 


28 


300 




28 


300 


565 


28 


306 




28 


2M 




28 


292 




28 


294 


540 


28 


294 




28 


292, 




28 


294' 





296 




118 



540.2 



state of weather, clear and oold. 

Barometer at noon, 80.04 inches. 

Draft opening into furnace, 752 square inches; same as on 10th, except that both end conduits (Best 
system) were blanked off. 

Before this run baffling was restored to the normal condition. 

Nozzles of A-lnch bore were substituted for tho^e on the burners used on the 10th. 

Test starts at noon: Started fires at 6.30 a. m.; 275 pounds pressure at 7.45 a. m. 

From 7.45 until 10.45 fires were put out three times, aggregating 70 minutes, for repairs to reducing 
valve. 
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No. 33. — Test of oU fuel in a Hohenstein water-tube marine boiler j January 12 ^ 1908, 
[Eight hours' duration with natural draft, using Harvey system, compreased air.] 



Time. 



12 a. m . . 
12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m . . - 
1.15 p. m 
1.30 p. m 
1.45 p. m 

2 p. m . - - 
2.15 p. m 
2.30 p. m 
2.45 p. m 

3 p. m . . . 
3.15 p. m 
3.30 p. m 
3.45 p. m 

4 p. m . . . 
4.15 p. m 
4.30 p. m 
4.45 p. m 

5 p. m . . - 
5.15 p. 
5.30 p. 
6.45 p. 
6p. m 
6.15 p. 
6.30 p. 
6.45 p. 

7p. m 

7.15 p. m 
7.30 p. m 
7.45 p. m 
8 p. m 

Average . 



15 
15 
15 
15 
16 
15 
15 
15 
15 
15 
15 
18 
18 
18 
15 
17 
15 
15 
15 
15 
16 
15 
15 
15 
15 
15 
15 
18 
18 
18 
19 
20 
20 



16.1 



Draft pressures. 



I 



Flue gafles. 



0.15 
.14 
.15 
.15 
.15 
.15 
.155 
.14 
.14 
.15 
.15 
.15 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.15 
.15 
.15 
.15 
.15 
.16 
.15 
.15 
.15 
.15 
.15 
.15 



0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.23 
.23 
.25 
.25 
.25 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 



. 147| . 243 



Tube 
chamber. 



0.23 
.23 
.23 
.23 
.23 
.23 
.23 
.21 
.21 
.23 
.23 
.23 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 



0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.23 
.23 
.25 
.25 
.25 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 



I 



I 



5 

< 



0.4 
.4 
.4 
.4 
.4 
.4 
.4 
.37 
.37 
.35 
.36 
.36 
.35 
.35 
.35 
.36 
.36 
.36 
.36 
.36 
.36 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 



223 .243i .38 



COj. 



0.53 
.52 
.52 
.52 
.52 
.52 
.52 
.5 
.5 
.49 
.48 
.48 
.48 
.48 
.48 
.5 
.5 
.5 
.5 
.5 
.5 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 



P.ct. 



6.7 



.52 



CO,. 



E 



p. ct, p. ct. Lbs. 



11.3 0.1. 



12 



6.5 



6.3 



12.3 



996 



920 



900 



.2 



978 



843 



13.2, 



859 



12.2 



.1 



963 



s 
o 



Lb8. 



12,395 



11,066 



11,182 



11,785 



10, 387 



1M25 



11,456 



903 11, 404 



920.211,350 



In the '* Harvey system" the burner employed appears to be faulty in design. In it the oil and 
spraying agent are admitted in the same direction and with the same pressure, so that there is very 
little spra^ng effect. 

The so-called "Carburetter" serves only to heat the air and oil, which could probably be accom- 
plished in a much simpler installation. 

Revolutions of air compressor, 84. 

Air pressure at air compressor, 23 pounds. 

Total pounds oil burned, 7,862. 

Total pounds feed water, 90,800. 



170 



NAVAL ''LIQUID FUEL REPORT. 



No. .'U. — Tenl of oil fuel in a IFofienslein water-tufte marine boiler, January 7.5, 1903. 
[Eight hours' duration with natural draft, using Best burner, with air.] 



Calorimeter. 



Temperature. 



Inside. 



Time. 



10 a. ra 

10.15 a. m. 
10.30 a. m. 
10.45 a.m. 

11a. m 

11.15 a.m. 
11.30 a.m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4. 15 p.m.. 
4.30 p.m.. 
4.45 p. m.. 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 
5.45 p. m.. 

6 p. m 



Lb». 
275 
280 
275 
275 
275 
275 
280 
275 
275 
275 
278 
275 
273 
275 
275 
275 
278 
276 
275 
278 
278 
274 
273 
275 
275 
278 
275 
270 
275 
280 
275 
278 
270 









° F. 
120 
120 
117 
119 
120 
120 
118 
120 
J17 
118 
120 
120 
120 
120 
120 
120 
118 
122 
120 
118 
120 
120 
116 
120 
120 
120 
116 
110 
120 
110 
118 
120 
116 



° F. 

404; 

402 

402, 

406, 

402 

404 

402] 

404! 

406, 

4061 

404 

406 

404 

406 

; 402 

I 406 

I 404 

404 

. 404 

I 404 

1 404 

402 

, 401 

I 401 

, 401 

I 401 

' 401 

i 404 

404 

I 402 

402 

402 

I 402 



Average .. 275.6 118.6,. 



I 



T... 



^F I 
306 
306 
304 
306 
.306 
306| 
306, 
3061 
304! 
304; 
306; 
306 
304 
306 
306 
306 

;^6 

306 
306 
306 
306 
306 
304 
304 
304 
304 
304 
304 
304 
304 
304 
304 
304 



Q. 






0.9840 
. 9850 
. 9a36, 
.9830 
.9850 
.9840 
.8850 
.9840, 
.9820 
. 9820 
. 9840, 
. 9830l 
. 9827 
. 9830 
.9a50 
. 9830; 
.9840 
.9840 
.9840 
.98401 
.9840 
.9850 
.9840; 
.984Cl 
.98401 
. 9840 
.9840 
.9827 
.9827 
. 9835 
. 9835 
. 9835; 
.9835 



In9. 
1.5 



1.5 

1.5 

1 

1.5 

1 

1 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 



1.5 

1 

1.5 



1.5 
1.5 
1.5 
1.5 



1.5 

1 

1. 25 

1.5 

1.5 

1 

1 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 



.9837. 



°F. 



91 



I 104 



112 



OF. 



79Ji 



85 



89 



T 



104 I 86 



103i 



82i 



101 81i 



107 1 83 



° F. 
67 
72 
72 
72 
70 
70 
70 
70 
70 
71 
71 
73 
74 
76 
74 
76 
74 
76 
82 
84 
84 
76 
76 
76 
76 
74 
74 
74 
74 
70 
68 
66 
72 



I ^ 



° F. ° F. 

, 37| 308 

! 37; 292 

I 37| 290 

I 37 288 

I 37| 294 

I 37 290 

37| 292 

37: 290 

37 286 

37I 284 

37j 290 

37i 290 

37 290 

37 274 

37 294 

37| 302 

37 300 

37 302 

37 300 



3' 

37 

37 

37 

37 

3' 

37 

37 

37 

37 

3 

37 

3 

37 



73. 4 3: 



302 
302 
296 
284 
280 
280 
276 
280 
280 
278 
278 
276 
274 
272 



t 

e 



67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
68 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
I 67 
68 



288. 3 67 
I 



Barometer at noon, 30.03 inches. 

Lighted fires at 6 a. m.; 275 pounds pressure at 6.20 a. m.; test starts at 10 a. m. 

Test was delayed by ice in circulating water pipe of air pump. 

Air pressure of 70 pounds was designated by Best representative. 

Weather, cool and clear. 
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No. 34. — Test of oil fad in a Ilohenstein water-tube marine boUer^ Januanj 15 ^ 190S. 
[Eight hours' duration with natural draft, using Best hurner, with air.] 







Draft pressures. 






Flue gases. 






Time. 


1 


1 

.2 


Tubed 


lamber. 

M 


i 

1 


M 

O 


CO.. 


0. 


CO. 


o 
S 

03 


1 1 

1 1 

§ i 


10 a. m 


0.13 
.12 
.11 
.11 
.11 
.11 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.14 
.13 
.12 
.12 
.12 
.13 
.13 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.14 
.15 
.15 
.15 
.15 


0.21 
.20 
.18 
.18 
.18 
.24 
.24 
.24 
.24 
.24 

' .24 
.24 
.24 
.24 
.24 

t .24 
.24 
.24 
.24 
.24 
.24 
.24 

i .26 

1 .26 
.26 
.26 
.26 

I .26 

i .25 
.26 

; .26 
.26 

' .26 


0.19 
.18 
.16 
.16 
.16 
.16 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.24 
.24 
.24 
.24 
.24 
.24 
.23 
.24 
.24 
.24 
.24 


0.21 
.20 
.18 
.18 
.18 
.18 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.25 
.25 
.25 
.26 
.26 
.26 
.25 
.26 
.26 
.26 
.26 


0.37 
.38 
.38 
.38 
.38 
.38 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.41 
.41 
.41 
.41 
.42 
.42 
.41 
.41 
.41 
.40 
.41 
.41 
.41 
.41 


0.51 
.52 
.49 
.49 
.49 
.49 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
53 


P. rt. 


P.ct. 


p. rt. 


Lb9. Lbs. 


10.15 a. m. 


1 '. 


1 _.. 


10.30 a. m. 
10.45 a. m. 


8 


10.8 


0.4 


f j 


11 a. m 










1,098^12,749 


11.15 a. m. 










11.30 a. m 








i 


11.45 a. m. 






12m 








1,16313,343 


12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m 

5.15 p.m.. 
5.30 p.m.. 
5.45 p.m.- 

6 p. m 








7.9' 10.1 


.5 


1 








1,1:^13, 1551 








.56 






J 






.56 


, 




1,21514,3:^6 


.56 
.56 

.58 

.58 

.58 

55 










8.5 


9.5 


.8 


*, 








1,20214,226 
















*: 1-:::: 


.55 
55 
















1,08313,241 


. 55' 






.55 
55 


8 1 12.5 


••6f6-r::..i:::::. 


.56 
55 


1 


! i, ioijis, i:?« 


.55 
.55 
.55 


:;;::r::: 


\"^"\v:z: 


. 




1, 07212, 46(> 






Average .. 


.138 


.238 


.217 


.236 


.393 


.54 






1,13613,356 


i 









From 3 p. m. to 5.30. 3 ZJ -^ 4 © 



Air onenings into furnace: 10 until 3 p. m., 3 □ x 4 (air ducts open) until 11, when closed by 
inclinea asbestos sheets until 2, after which they were left open. "" ^ ' ' ' ^ 

(air ducts open). 

Air pressure on burner, 70 pounds. 

Pressure on oil system. 25 pounds. 

Total pounds oil burned. 9,068. 

Total pounds feed water, 106,850. 

32196—04 12 
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NAVAL "liquid FUEL REPOBT. 



No. 35. — Test of oil fuel in a Hohenstein waJter-tuhe marine boil^fVy January 16 y l^OS. 
[Six hours' duration with 1-inch forced draft, utdng Bent burner, air.] 



Time. 



10a. ni 

10.15 a.m. 
10.30 a.m. 
10.45 a. m . 

11 a. m 

11.15 a. m . 
11.30 a.m. 
11.45 a. m . 

12m 

12.15 p. m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m..j 

3 p. m ■ 

3.15 p.m.. I 
3.:^p.m..j 
3.45 p.m.. I 

4 p. m I 

Average . 



.a 



275 

280 I 

280 

280 

280 

280 

278 

276 

275 

275 

278 

280 

275 

275 

275 

278 

275 

275 

278 

278 

275 

275 

270 

280 

278 



277 



S 



Ill 
104 
106 
108 
104 

106 I 
108 I 
104 I 
104 ' 
105 
103 
104 
104 
110 
110 
110 
111 
110 
111 I 
108 
108 I 
108 I 
104 
114 i 
104 I 

107 ; 



Calorimeter. 



Ti. 



° F. 
406 
406 
406 
404 
404 
404 
404 
404 
404 
404 
404 
400 
402 
404 
402 
404 
400 
402 
402 
402 
402 
400 
400 
402 
404 



292 

2sy2 

292 
292 
292 
292 
290 
292 
292 
292 
292 
292 
292 
294 
292 
294 
294 
292 
292 
292 
294 
2V)4 
292 
294 
294 



Q. 



0. 9752 
. 9752 
.9752 
.9760 
.97(50 
.9760 
. 9745 
.9760 
.9760 
.9760 
. 9760 
.9775 
.9770 
.9770 
.9770 
.9770 
. 9785 
.9770 
.9770 
.9770 
.9768 
.9785 
.9775 
.9768 
.9770 



Temperature. 



Inside. 



3 






Im. ° F. 

'■'\ 

1.75 

1.5 ' 107i 

1.4 

1.5 I 

1 

1.25 110 
1.25| 
1.5 
1.5 



°F. 



I 



403 ' 292.61 .9765 



85 



1 


112 


8.5 


1.5 






1.5 






1 






. to 

1 


114J 


86J 


1.5 






1 

1 






117 


88J 


1.5 1 






1.5 

2 

2 










118 


89J 


1.5 







1.5 









I 



° F. 


°/: 


80 


338 


80 


1 346 


80 


348 


82 


350 


82 


346 


84 


348 


88 


348 


88 


344 


88 


346 


88 


:346 


88 


342 


88 


340 


88 


336 


90 


334 


90 


336 


90 


336 


90 


1 3:m 


90 


330 


90 


! 336 


91 


336 


91 


336 


91 


338 


90 


336 


89 


338 


90 


334 



670 



S 

c 



°F. 



685 



6S0 



I 



70 
70 
71 
72 
71 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
00 [ 70 
...|70 
... 70 



665 



665 



"I 



87.4 340 70.2 



Barometer at noon, 30.04 inches. 
Lighted fires at 6 a. m.: 27.^) poun<l8 pressure at 7 a. 
10 a. m. 
Weather clear. 

Air openings into furnace during the trial 3 ZD +4 
Hygrometer 3 feet front of mid furnace opening. 



m.; 1 inch forced draft at 9 a. m.; test began at 
O, ducts open. 



OIL TE8TS. 
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No. 35. — Test of nil pxel in a Hohenstehi water-tube marine boiler ^ January 16^ 1903^ 
[Six houiv' duration with l-lnch forced dmft, using Best burner, air.] 



Time. 



10 a. m 

10.15 a.m. 
10.30 a. Ill 
10.45 a. m 

11a. m 

11.15 a. in. 
11.30 a.m. 
11.45 a. m . 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

Average . . 



< 
' 7 



Draft pressures. 



Flue gases. I 



Tube cham- 
ber. 



s 

u 
t 



COg. 



o. 



CO. 






/.ft*. 
25 
25 
25 
25 
25 
25 
25 
25 
25 



25 
25 
25 



25 
25 
25 
25 
25 
23 
23 
25 



S 

s 



0.43 0.45 1- 
.43 .45 , 



P. ct. 



.43 1 .45 
.43 ' .45 
. 43 . 45 
.43 .45 
.43 .45 
.43 .45 
.43 .45 
.43 .45 
. 43 . 45 
.43 .45 
.43 .45 



- .02- .55 



- .55 



.43 
.43 
.43 
.43 



.45 
.45 
.45 
.45 



. 43 . 45 
.43 [ .45 



.43 
.43 
.43 
.43 
.43 
.43 



.45 
.45 
.45 
.45 
.45 
.45 



0. 03 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02' 
.02 
.02 
.02 
.02' 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 



-0.6 . 
- . 55| . 



P. ct. p. ct. 



- .55 



8.2 



- .55 



- .55 



- .55 



.551 7.6 

..55 



.55 
.55 



.55 
.55 



10.0 I 



10. 6 0. 1 



55 7.4 11.2 

I 



. 00 . 
. 55 . 
.55. 

. 55 . 
.55. 



25 .43 .45 



.02- 



. 55 . 



285 
285 
2a5 
284 
285 
285 
2a5 
285 
285 
285 
286 
285 
285 
285 
285 
285 
284 
284 
283 
284 
285 
285 
284 
285 
285 



284.8 



a. 



5 
s 



i 

^ 



IMS. 


JM. 













1,77219,030 



1,73018,588 



1,670 



17,804 



1,688 



18,336 



1,69718,452 



1, 723 



1,713 



18, 735 



18, 491 



Temperature of oil in weigh tank, 36° F. 

Draft prewure in fireriK>m. 1 inch. 

Draft pressure at furnace. 0.8 inch. 

Draft pressure in combustion chamber, 0.45 inch. 

Total pounds oil burned, 10,280. 

Total pounds feed water, 110,W6. 



174 NAVAL ''LIQUID FUEL" BEPOBT. 

No. 36. — Test of oil fuel in a Hohenstein wcUer-tubf marine boiler, January 17 j 190S, 
[Five hourM* duration with 2-inch forced draft, using Best burner, under air.] 





1 

Lb; 
275 
274 
275 
274 
270 
275 
275 
275 
278 
275 
270 
272 
275 
275 
275 
275 
275 
270 
270 
275 
275 


i 
1 

1 
1 1 

1; 

102 
lllj 
105 
109* 

iir 

90' 
104' 
IO2I 
108 
106 

104' 

1 
100, 

99 
102j 
103 
103, 

92 
100 
100' 
102! 
100 


Ci 

Ti. 

OF. 
404 
404 
404 
402 
403 
400 
400 
400 
400 
400 
400 
398 
402 
400 
400 
400 
400 
400 
404 
402 
402 


ilorime 
T,. 

OF. 
292 


ter. 
0.9760 


1 

1 


Temp 
Inidde. 


erature. 
t 

«3 

C 

u 
< 

OF. 


g 

% 

< 

OF. 
346 
338 
330 
330 
338 
350 
366 
368 
370 
364 
364 
364 
362 
366 
366 
370 
370 
364 
360 
368 
366 


e 

B 


g 

< 

Lbs. 
70 
70 
70 
70 


i 
§ 


Time. 


J. 

OF. 


0^. 


10 a. m ..- 


Jim. 

2.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1 

1.5 

1.5 

1.25 

1 

L5 

1.5 

1 

L5 

1.5 

1.5 

1.5 

1.5 

1.5 


25 


10.15a. m. 


290' .9745 
290 .9745 
290 -9755 






74 
74 
74 
75 
7« 
78 


25 


10.30 a.m. 
10.45 a. m. 


92 


72 


25 
25 


11a.m... 
U.15a.m. 
11.30 a.m. 
11.45 a. m. 


288 
288 
288 
288 
290 
290 
290 
288 
290 
290 
290 
290 
290 


.9738 
.9750 
.9750 
.9750 
.9760 
.9760 
.9760 
.9765 
.9755 
.9760 
.9760 
.9760 
.9760 


98 


75 


70| 25 
70 25 
70 25 
70 25 


12m 






78 
78 
80 
80 
82 
82 
82 
84 
84 
86 
86 
88 
88 


1 
70 25 


12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p. m.. 
2.45 p.m.. 

3 p. m 


100 


77 


1 
70 25 

70 23 






70 23 






1 
70l 23 


103 


78 


70 
70 
70 
70 

70 

1 '' 
70 


23 

23 






23 






23 


290 .9760 
292! .9760 
292 .9768 
292' .9768 






23 


108 


81 


23 
23 






23 








Average .. 


274 


102. 

I 






.9757 








79.8 


358 


70 


24 















Barometer at noon, 30.70 inches. 

Lighted fireu at 6 a. m.: 275 pounds steam at 6.45 a. m.; 2 inches forced draft at 9 a. m.; test begins 
at 10 a. m. 
Weather overcast. 

Air openings into furnace: 10a. m.till 11. 3a + 4 © (ducts open): 11 tillend. 3 □-I-40 (ducts open). 
There was a deposit of carbon of about 6 squaje inches on back of furnace after this run. 
2 feet front of mid furnace opening. 



OIL TESTS. 
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No. 36. — Te8i of oU fuel in a Hohentitein waUr-tuhe marine boiler j January 17, 190S. 
[Five hours' duration with 2-inch forced draft, using Best burner, under air.] 



Draft pressures. 


Flue gases. 






Time. 


1 

1 

1.45 
1.45 
1.45 
1 45 


Tube< 

I-- 

0.95 0.93 
.95 .93 
.95 .93 
. 95' - 93 


;ham- 
jr. 


i 
1 


M 

1 
n 

1 


CO,. 1 0. 


CO. 

p.ct. 



1 

S 

1 

1 

3 

373 
372 
372 
372 
375 
375 
378 


u 

e 






10 a. m . . . 
10.15 a.m. 


0.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 


0.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


0.5 
.5 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 


P.ct, 


P. a. 


Um. 


Lb». 


10.30 a.m. 
10.45 a. m 


5.8 12. 5| 0.2 

1 






11a.m... 1.45 
11.15 a.m. 1.45 


.95 

95 


.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 




\ 


1,750 


17,416 


11.30 a. m. 


1. 45 . 95 
1.45 .95 










11.45 a. m. 






376 






12 m 1.45 .95 




t 


375 
376 


2,059 


21,126 


12.15 p.m. 1.45 .95 
12.30 p. m.i 1-45 .95 




1 




6.6 


11.4 .2 


372 
372 
375 
375 
375 






12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 


1.45' .95 
1.45 .95 
1.45! .95 
1.45' .95 








1 


1,978 


20,752 






7.0 


10. 9. 






1.45p. m..i 1.45 .95 
2p. m 1.45; .95 




375 








1 


375 
375 
375 


2,067 


21,581 


^p. O _| .... 

2.15 p.m.. 1.45' .95' -93, .95 




! 




2.30 p.m.. 1.45' .95 
2.45 p.m.. 1.45 .95 


. 93 - 95 




1 






.93 
.93 


.95 
.95 




; 


375 
375 






3 p. m 1 1-45 


.95 






1,970 


20-&54 


r* •'^ - • " - 












Average .. 


1.45 


. 95' - 93 


.95 


.3 


.5 






375I 1. 96520. .<I06 








1 






1 ' 



Boiler vras blown down one-half gla.ss before this run. 
Temperature of oil in weigh tank, 36^ F. 
Revolutions of air (X)m pressor, 74. 
Draft pressure in flreroom, 2 inches. 
Total pounds oil burned, 9,824. 
Total pounds feed water, 101,528. 
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No. 37. — Test ofoUfud in a Hohenatein loater-tube marine boiler j Januari/ t9, 1 90S. 
[Three hourn' duration with S-inch forced draft, ludng Best burner, under air.] 





i 

£ 
1 


Temperature of feed. 


Calorimeter. 


1 

1 


Tempera 
iHAide. 

i ! 1 i 1 


ture. 

1 

£ 

< 


1 

•s 

i 


h 


Time. 


Ti. 


T,. 


Q. 


1 

•3 
1 

1 




2A». 


°F. 


°F. 


o/'. 




7«*. . 


°F. 


°F. j ^ /•. 


"^ F. 1 


^ F. 




11.15 a.m. 


275 


100 


400 


286 


0.9740 


1.75 




'.^ 


378 




68 


11.30 a. m . 


273 


100 


402 


286 


.9733 


1.5 


1 


, -^^ 


370 




68 


11.45 a. m . 


273 


104 


402 


286 


.973,3 


1.5 


70 


61 J 56 


3<>8 


710 


68 


12m 


275 


100 


402 


289 


.9750 


2.0 


....1 


'.^ 


3.54 




68 


12.15 p. m. 


273 


8« 


400 


288 


.9740 


1.5 


- - . . 


58 


370 




68 


12.30 p.m. 


275 


91 


402 


290 


. 9755 


1.5 


....' 


' oS 


380 




69 


12.45 p.m. 


275 


93 


402 


290 


. 9755 


1.0 


72}' 


62 59 


366 


725 


69 


1 p. m 


275 


100 


402 


290 


. 9755 


1.5 


.... 


60 


360 




69 


1.15 p. m.. 


273 


98 


402 


290 


. 9755 


1.75 




'60 


360 




69 


1.30 p.m.. 


278 


100 


402 


290 


. 9755 


1.5 


- - - . 


j 60 


:m 




69 


1.45 p. m.. 


275 


100 


402 


290 


.9755 


1.5 


74 ' 


62 61 


m2 


715 


69 


2p. m 


275 


98 


402 


290 


. 9755 


1.5 . 




61 


362 




69 


2.15 p.m.. 


275 


94 


402 


290 


. 9755 


1.75. 




' 62 

1 


360 , 




69 


Average .. 


275 


97 






.9749 




72 


62 59 


:^66 


717 


68.6 









Barometer at noon, 30.55 Inches. 

Test begun at 11.15 a. m. 

Four No. 2 burners in use. 

Weather, cold and clear. 

Air openings into furnace, 3 n and 4 (air ducts open). 



OIL TESTS. 
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No. 37. — Tent of oil fuel in a Hohenstein water-tube marine boiler, January 19, 190S. 
[Three hours* duration with S-inch forced draft, u.<fing Best burner, under air.] 



Time. 



11.15 a. in . 
11.30 a.m. 
11.45 a. ill 

12 m 

12.15 p.m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 



2.15 p.m. 
Average . 







Draft p»re8Nure» 






Flue gases. 












Tube 
chamber. 




' 








i 


Furnace. 


U 

s 

§ 
1 




1 

s 

i 

< 


M .CO.. 

1 i 


0. 


, ^ 


' 


1 ■ i 


CO. 


c 
S 
o 

o 

1 


Oil burned per hour 
Ft»ed wat«r per hour 






' 




P.ct. 


P.ct. 


p.ct 


IJ)S. 


JM. 


2.6 
2.6 


1.62 
1.62 


1.6 1 1.62 
1.6 1.62 


0.6 
.6 


-0.6 
- .6 








445 
445 
















2.6 


1.62 


1.6 ; 1.62 


.6 


- . 6 1 6. 7 


12.3 


0.1 


445 


......|...... 


2.6 


1.62 
1.62 


1.6 1.62 


.6 
.6 


- .6 
- .6 








445 
445 




2.6 


1.6 


1.62 








2, 29422, 322 


2.6 


1.62 


1.6 


1.62 


.6 


- .6 







445 


! 


2.6 


1.62 1.6 

1.62; 1.6 

1.62 1.6 


1.62 
1.62 
1.62 


.6 

.6 

6 


- .6 

- .6 






445 
445 
445 




2.6 










2.6 


- .6 








2,35422,796 


? 6 


1.62' 1.6 


1.62 


.6 
.6 
.6 
.6 


- .6 

- .6 
- .6 








445 


2 6 


1.62; 1.6 1.62 
1.62 1.6 1.62 








445 




2 6 








445 
445 




2.6 


1.62 1.6 


1.62 


- .6 








2,30222,502 












2.6 


1.62 


1.6 


1.62 


.6 


- .6 


6.7 


12.3 


0.1 


445 


2,31722,540 

1 



Started fires at 6.30 a. m. Shut down at 7,15 on account of frozen suction pipe, having at the time 
80 pounds of steam. » 

Temperature of oil in weigh tank, 28° F. 
Air pressure on burner, 70 pounds. 
Pressure on oil system, 20 pounds. 
Draft pressure in flreroom, 8 inches. 
Total pounds oil burned, 6,950. 
Total pounds feed water, 67,620. 
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No. .SS. — Tetft o/oilfutl in a HofunuO^in inUer-tatM' mtirine Imler^ January HO^ 
[Six houn' dumtioii with natural draft, luing Rent burner, under Hteam.] 



190S, 



Time. 



11.30 a. 111. 
11.45 a. m. 

12m 

12.15 p.m. I 
12.30 p.m.; 
12.45 p.m. 

1 p. m 

1.15 p. m.- 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 i».m.. 
2.:^ p.m.. 
2.45 p.m.. 

3 p. m 

3. 15 p. m . . 
3.30 p.m.. 
3.45 p.m.. 

4 p. m ■ 

4.15 p. m..| 
4.30 p.m.. 
4.45 p. m.. 

5 p. m 

5.15 p.m.. 
5.30 p.m.. 

Averajre .. 



Clalorimettfr. 



Temperature. 



as 



275, 

27o; 
275 

275! 
275I 
273 
270 

273I 

275j 
275 
277, 
2701 
276 
270 
275 
275 
275 
275 
270 
275 
275 
275 
275 
275 
270 



274 



1 

£ 

s 

2 , 

g. ' 
6 

120 
120 
120 
118 
120 
120| 
120 
119 
120 
120 
120 
120 
124 
IIH 
122! 
120 
120 
120 
120 
119 
120 
120 
120 
120 
120 



404| 
406' 



406 



405! 
405J 
408! 
4O4I 
406 
404 
406 
404 
408 
404 
404 
406 
406 
404 
406 
408 
406 
408' 
406 
404 
406 
406 



Inaide. 



T,. 



302 

304 
304' 
304j 
302 
304 
3O4I 



8 

I 



6 5 

g A 






304 
304 
304' 
304^ 
3041 
302' 
302 
304 
302 
304 

:m 

304 
302 
302' 
304 
304 
304 
3(H 



0.9815 
.9820 
.9820 
. 9825 
.9812 
. 9815 
.9828 
.9820 
.9828 
.9820 
.9828 
.9815 
.9815 
.9815 
.9820. 
.9810 
. 9828 
.9810 
. 9815 
.9810 
.9800 
.9820 
.9828 
.9820' 
.9820 



Itu. ° F. ° F. F. ° /'. I 

1 77 28 

.75 62 28 

.75 102J 83 60 28 

1 ' 60 28 

.75 60 28, 

.75 1.... 61 28 

1 107 86 J 62 28 

1 



.75 104 



83} 



I 



100 I 82 



98J 



105 ! 86 



61 28 
67 28 
66 28 
70 28 

62 28 
64 30 
62 30 
64 30 

...I (K) 30 

...| 60 30 

...' 62 30 

81 J 65 30 

... 60 30 

..." 65 30 

... (56 30 

66' 30 



.75 1.... 66 30j 

.... 67 :«) 



I 



^ F. 
366 
370 
364 
363 
363 
363 
366 
3<)6 
364 
356 
:352 
350 
350 
352 
360 
360 
:ii8 
350 
346 
356 
350 
356 

:«8' 

360 
358 



120. 



. 9818 , 



t I 



90 
90 
91 
90 
89 
89 
90 
91 
90 
90 
90 
90 
91 
89 
89 
90 
90 
90 
92 
91 
90 
91 
91 
90 
90 



m 29 358. 90.5 



Barometer at noon. 30.29 inches. 
Tent starts at 11.30 a. m. 

Bfjiler had been under 275 pounds steam since 7.30 a. m. 
Weather overca.st and damp. 
Air into furnace. 3 r + 4 Q (ducts open). 

This run is a duplication of tnat of the 3l£t ult., with the idea of reducing the amount of steam used 
for atomizing. 



OIL TESTS. 
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Xo. 38. — Test of oil fuel in a HoheiiMein water-tube marine boiler j January/ JO^ 19()S, 
[Six hours' duration with natural draft, using Be«t burner, under .steam.] 



Time. 



11.30 a. in 
11.45 a. m 

12in 

12.15 p. m 
12.30 p. m 
12.45 p. m 

1 p. m . . 
1.15 p. m 
1.30 p. in 
1.45 p. m 

2 p. m . . 
2. 15 p. m 
2.30 p. m 
2.45 p. m 

3 p. m . - 
3.15 p. m 
3.30 p. m 
3.45 p. m 

4 p. m - . 
4.15 p. m 
4.30 p. m 
4.45 p. m 

5 p. m - - 
5.15 p. m 
5.30 p. m 

Average . 






0.12 
.12 
.12, 
.12 ! 
.12 I 
.12 ' 
.12 
.12 ' 
.12 
.12 
.12 
.12 
.11 
.11 
.11 
.11 
.12 
.12 
.12 
.12 
.12 
.11 
.11 
.11 
.11 



Draft preamires. 



Flue 



Tube cham- 
ber. 



S 

2 

o 



i 

< 



M CO,. 



o. 



CO. 



I I ; 
0.28 0.26 0.28 



J\ ct. ' p. ct. P. ct. 



.28; 

.28 
.28 
.28 
.28 



.26 .28 



.26 
.26| 
.26 
.26 



. 28 . 26 



.28 
.28 

.28 
.28 
.28 



.28 

.28! 



.26 .28 
.26 .28 



J 



.26, 
.26! 



.28 
.28 

.28! 

.27' 

.28 
.28 
.28 
.28 
. 28 . 26l 



26 . 28 
26 .28 



.28 

I 

.28; 



.28 
.28 
.28 
.28 
.28 
.28 



.28! .26 



26 . 28 

26' . 28 

26! .28 

26 . 28 



.28 
.28 
.28 
.281 
.28 

.28' 

I 
.281 

.28' 



.26; 

.26] 

.26; 

.26! 

.26; 

.26 



.117 .28; .26 

i ; 



0. 44 0. 
.44 . 
.44 . 
.44'. 

.44I . 

.44J . 

.44I . 

.44 

.44 

.44 

.44 

.44 

.44 

•^1 
.44| 

.44' 

.44' 

.44I 

.44 

.44 

.44 

.44' 

.44 

.44 

.44 



J 



62 
.62 
.62 
.62 
.62 
.61 
.62 
.62 
.62 
.62 

.62 7.4 10.6 
.62 
.61 
.61 













.G 


.c 


t. 


t- 


i 


i. 


V 


u. 








ae 


3 


^ 




"S 









'* 


L6*. 


IJ>S. 



It 



1^ 



- 


10.2 


i 
0. 2 ! 










1,283. 14,990 836 








1 








' 1,279 14,991 610 

1 



61 
61 
61 
61 
61 6.9 

61 

61 

61 I 

61 ' 

61 I 

61 ; 



.4. 



I,2a5, 14,372 625 



11.4 



.28 .44 .614 



1,184 15,110 535 



1,105 12,684 543 



1,160 13,924 595 



.... 1,219 14,345 624 



Boiler \r»s blown down one-half glass before test. 
Pressure on oil system (Scotch boiler), 20 pounds. 
Total pounds oil burned, 7,216. 
Total pounds feed water, 86,071. 
Total pounds steam for burners, 8,744. 
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No. 39. — Te4tt of oil fuel in a IIoh^nMein wnter-tube tnariiie Ixnlery February 6', 19(^tS, 

[Seven hours' duration with natural draft, using Advance burner, under xteam — 60 pounds Rteam, 

60 iMiundfloil.] 



Time. 



10.30 a. m. 
10.45 a. m. 
11 a. m ... 
lL15a. m. 
11.30 a. m. 
11.45 a. ni. 

12m 

12.15 p. m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m..' 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m.. I 
4.30 p.m..' 
4.45 p. m.. 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 

Average .. 



Calorimeter. 



Temperature. 



275 
270 
275 
280 
278 
275 
275 
270 
275 
275 
275 
275 
275 
275; 
270 
275 
275 
275 
275 
275 
275 
275: 
274 
275 
275 
275, 
275 
275 
275 






114, 
120 
120 
118 
120 
120 
120 
120 
120 
120 
120 
120 
120; 
120 
120 
117, 
118 
122 
120 
120 
120l 
120 
118 
120, 
118 
120 
120 
118 
120 



° F. 
406 
406 
404; 
408 
406 
406 
408 
406 
406' 
406 
406 
406 
406 
4041 
4061 
404' 
406 
406 
404 
404 
406 
404 
4061 
406' 
402 
406 

406; 

407 
406 



Inside. 



T,. 



'i i ^ 



op 

308 
308 
308 
308 
308 
310 
308 
308, 
310 
308 
308: 
310 
308; 
306| 
308 
310 
310 
310 
3081 
310, 
310: 
308 
308 
310 
308 
308 
310 
310 
310 



0.9845 
. 9845 
.9a52 
. 9835 
.9845 
. 9855 
.9835 
.9845 
.9855 
.9845; 
. 9845 
.9855 
.9845 
.98401 
. 9845 
.9861 
. 9855| 
. 9855 
.98521 
.9861 
. 9855 
.9852 
.9845 
. 9855: 
.9860 
.9845 
.9855 
. 9850' 
. 9855, 



Jm. o F. 


o/-. 


2 




1 


1.5 121 


95 


1.5 




1.5 




1.5 1 




2 1 115 


90 


2 ' 




2 


1.5 i 




1 1 118 j 


93 


1.5 




2 1 ! 


1.5 




1. 5 1 136i 
1.5 


103 


2 1 


1.5 




1.5 1 140 1 


103 


1.75 





£ I t 



> jp op 

76 36' 

78 

78 

80i 

80 36 

8o; 



38 



2.25 



1.5 

1.5 

1.5 

2 

1.5 

2 

1.5 

2 



"i42T"i63| 



i:w I 100 



80 

80 

80 

80 

80.... 

80.... 

80 38 

82.... 

84.... 

84].... 

84| 38 

86.... 

86.... 

86.... 

86 38 

86.... 

87.... 

88.... 

88 38 

90.... 

90.... 

90.... 

88, 38 



op o p^ 

3'76....'.. 

388 

370. 606 

380 

380 

372 

366 600 

366 

366 

368 

372 600 

372 

372 

378 

;«6 615 

388 

384 

392 

390| 615 

382 

390 

390,.:.... 
400 615 

400 

398 

404 

404i 620 

400 

396 



275 119 .9a50' I 130 



98 83 37.5 384 



610 



Barometer at noon. 30.29 inches. 

Tests start at 10.30 a. m. 

Weather, clear. 

Air openings into furnace, 3 HJ and 6 0—. Deflectors used in the openings. 

The burner functioned fairly, but stillrequlred constant attention. 

Started fires at 6.45 a. m.; 275 pounds steam at 7.55 a. m. 



OIL TESTS. 
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No. 39. — Tegt of oil fuel in a Hohenstein water-tube marine boiler y Felrraary 6\ lUOS. 

[Seven lumn' duration with natiiml draft, using Advance burner, under 8team— 60 poundH 8team, 

60 pounds oil.] 



Time. 



10.30 a. Ill, 
10.45 a. ni. 
11a. m . . . 
11.15 a.m. 
11.30 a.m. 
11.45 a.m. 

12m 

12. 15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m., 

3 p. Ill 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 

5 p. m 

5.15 p. m.. 
5.30 p.m.. 



0.1 

.1 

.11 

.11 

.1 
. .11 
; .11 
' .11 
! .11 
i .1 

.1 

.1 

; .1 
' .1 

■ .09 

I .09 

I .09 

I .09 

.09 

.09 

.09 

.09 

.09 

.09 

.09 

.09 

.09 

.09 

.09 



Draft prcsKun.'. 



Tube cham- 
ber. 



Flue grafted. 



is 
s 






0.25 
.25 
.23 

, .24 
.24 
.23 
.23 
.22 
.22 
.22 
.22 
.23 
.22 
.22 
.21 
.21 
.21 
.21 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.23 
.22 
.22 
.22 



B 

C 



0.19 

.2 

.21 

.21 

. .2 

.2 

.2 

.19 

.19 

.19 

.19 

.2 

I .19 

I .19 

! .18 

.18 

.18 

I .18 

.19 

.19' 

.19 

.19 

.19 

.19 

.19 

.19 

.19 

, .19 

■ .19 



.23 

.23 

.23 

.23 

.23 

.23 

.23 

.22 

.22 

.22 

.22 

.23 

.22 

.22 

.21 

.21 

.21 

.21 

.22 

.22 

.22 

.22 I 

.22 I 

.22 I 

.22 

.22 

.22 

.22 

.22 



< 



0.37 
.38 

.:^ 

.40 
.39 
.39 
.39 
.37 
.37 
.37 
.37 
.37 
.39 
.39 
.36 
.36 
.36 
.37 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 



c^o.. 



CO. 



6 






0.53 I 
I .54 I 
' .54 1 
.54 ! 
.54 
.54 
.54 
.53 
.53 
.52 
.52 
.53 
.52 
.52 
. .50 
' .50 
.50 
.50 
.53 
.53 
.53 
, .53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 



I p. rt. ' P. ct. P. ct. IJ>*, IJtut. Lb*. 



940 9, 942' 515 



Avera^ .. .097' .224 .192 .221 .382 .526 



877 9,790 589 



7. 4 10. 6 0. 1 



1,036| 11,050 

'i,"6i7 



10, 562 



, 1,067 11,583 



566 



548 



662 



488 



•|- 



1,068| 11,884| 568 



7.4 10.61 



.1 975. 5J 10,670| 562 



Bteam pressure on burner, 60 pounds. 
Pressure on oil system, 60 pounds. 
Total pounds oil burned. 6,829. 
Total pounds feed water, 74,692. 
Total pounds steam for burners, 8,966. 
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Xo. 40. — Tegt of Oil fuel in a Hohenstein water-tube marinf iKiiU'r^ February P, 1903. 

[Eight houre* duration with natural draft, using Advance burner, under Hteam— 30 pounds steam, 

40 pounds oil.] 





steam pressure by gauge. 


Temperature of feed. 


calorimeter. 




Ten 
In«ide. 


ipemture. 

1 1 






T,. 


T.. 






Time. 


1 
1 




S5 


T. 

C 

1 

1 


10.30 a. m . 
10.45 a. m . 

11 a. m 

11.15 a. m . 


273 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
275 
273 
278 
275 
275 
275 
278 
275 
275 
275 
274 
275 
275 
276 
275 
1 275 
1 275 
275 
275 
1 275 
1 275 
278 


120 
120 
120 
119 
121 
124 
120 
120 
120 
120; 
120 
120 
120 
120 
118 
118 
120 
124 
118 
120 
120 
120 
120 
120 
118 
124l 
120 
120 
120 
120 
120 
120 
120 


°F. 
404 
404 
404; 
402 
404 
404 
404 
406 
406 
406 
406 
402 
402 
402 
402 
402 
404 
402 
402 
404 
402 
402 
402 
402 
402 
404 
404 
404 
406 
402 
402 
402 
402 


310 
310 

:^8 

308 

;so8 

308 
:W, 
310 
310 
310 
310 
308 
308 
308- 
308 
:^)8 
308 
308 
:^8 
308 
306 

:W8 

:W8: 
308 
308 
310 
310 
308 
308, 
308 
308 
308 

:W8 

1 


1 Int. 1 
0.9865 1.5 
.9865 2 
.9852| 1 1 
.9860 2 
.9852 2 


°F. 

"uY 


'96"" 


° F. 
73 
76 

78 
78 
80 
80 
80 
84 
80 
82 
82 
82 
82 
82 
86 
86 
84 
86 
86 
90 
88 
88 
86 
88 
86 
iK) 
88 
84 
86 
89 
89 
89 
84 


° F. 
398 
386 
384 
388 
388 
400 
400 
400 
400 
400 
396 
398 
398 
398 
396 
406 
390 
402 
400 
402 
402 
394 
386 
394 
388 
390 
390 
396 
398 
398 
398 
400 
400 


* ' "676 


11.30 a. m . 








11.45 a. m . 

12m 

12.15 p.m. 
12.30 p. m . 
12.45 p. m . 

1 p. m 

1.15 p. m -. 
1.30 p.m.. 
1.45 p. m . . 

2p.m 

2.15 p.m.. 
2.30 p. m .. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m . . 

4 p. m 

4.15 p. m .. 
4.30 p.m.. 
4.45 p. m . - 

5 p. m 

5.15 p. m .. 
5.30 p. m . . 
5.45 p. m . . 

6 p. m 

6.15 p. m .. 
6.30 p. m . . 


.9852 
. 9852 
.9855 
.9855 
.9855 
.9855 
.9860 
.9860 
.9860 
.9860 
.9860 
. 9852 
.9860 
.9860 
. 9852 
.9860 
.9860 
. 9860 
.9860 


1.5 

L 

1.5 

1.5 

1.5 . 

2 

2 

2.5 1 

2.5 . 

2.25, 

1 !• 

1.5 1 

2 

2.25. 

1.5 

1 ' 

1 


"\2h 


"95" 


"670 


*i24' 


"93" 
i 


""*655 


118 


92 


655 














116 1 


90 , 


655 








"i32i 


"99*' 


*675 


.9860 2 ' 
.9865 1 
.9865 1 
.9852; 1.5 
.9843! 2 , 
.9860 1 
.9860 1 1 
.9860' 1.5 
.9860 2 








1 






132i| 


103 


660 








137 1 


103 
1 


650 


1 






Average . . . 


; 275 


120. 

1 







.98581 , 


125 1 


95.6 


84 


396 


662 



Barometer at noon, 80.15 inches. 

Te.sts Ktarted at 10.30 a. m. 

Weather, clear and cold; fresh breeze from northwest. 

Air openings Into furnace, 3 ■ and 0. Deflectors used In openings. 

Note.— With these conditions as giveii— of low pressure of burner steam, and greater pressure on 
oil than on the spraying steam. the burners functioned very satisfactorily, requiring very little atten- 
tion, except an oecasioual increase in the oil admission for the purpo««e of clearing the oil holes In 
the burner. With the lower pressures the spray seems to take the rifling better and to t nd to follow 
the bell muzzle. 



OIL TESTS. 
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No. 40. — Test of oil fuel in a HohemUin wcUer-tuhe marine boUer, February 9, 1903, 

[Eight hours' duration with natural draft, Ufling Advance burner, under steam— SO pounds steam, 

40 pounds oil.] 



Draft pressure. 



Flue 



Time. 






a 
5 



I 



Tube 
chamber. 



8 



10.30 a. m 
10.45 a.m. 

11a. m 

11.15 a. m . 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m 

1 p. m 

1.15 p.m., 
1.30 p.m.. 
1.45 p.m., 

2 p. m 

2.15 p.m.. 
2.30 p.m. 
2.45 p.m. 

3 p. m 

3.15 p.m. 
3.30 p.m. 
3.45 p.m. 

4 p. m 

4.15 p. m..' 
4.30 p.m.. 
4.45 p.m.. 

5p. m ' 

5.15 p. m.. 
5.30 p.m.. 
5.45 p. m.. 

6 p. m 

6.15 p.m.. 
6.30 p.m.. 

Average .. 



0. a5 0. 22 
.05 .22 
.05 .22 
.05 .22 
.as .22 
.a5 .20 
.05 .20 
.05, .20 
.05 .20 
.05 .20 
.05 .20 
.05 .20 
.05, .20 
.05, .21 
.051 .20 
.0.5; .20 
.051 .20 
.a5 .20 
.05' .20 
.05, .20 
.05, .20 
.05 .20 
.05' .20 
.05 .20 
.05 .20 
.05 .20 
.05 .20 



a 

c 

•o 

IK 

c 

I 
I 

« 

I 

< 



CO,. 



CO. 






o 



'al 
J* 



0.17 0. 

.17 . 

.16 . 

.16 . 

.16 . 

.17 . 

.17 . 

.17 . 

.17 . 

.17 . 

.17 . 

.17 . 

■^\: 

.17 i . 

.17 
.17 
.17 
.18 
.17 
.17 
.17 
.17 
.17 
.17 



I 



.05 


.21 


.18 


.05 


.21 


.18 


.05 


.21 


.18 


.05 


.21 


.18 


.a5 


.21 


.18 


.a5 


.21 


.18 


.05 


.205 


.170 



21 lO. 
21 I . 
19 I . 
19 . 

19 . . 

20 . 
20 . 
20 . 
20 . 
20 . 
20 . 
20 ' . 
20 
20 
20 
20 
20 
20 
20 
20 
21 

21 
21 
21 
20 
20 
20 
21 
21 
21 
21 
21 
21 



.203 



4 0.52 
4 .52 
4 : 
4 ' 
37 
35 

:s5 . 

35 j 

36 : 
36 i 
36 
36 
36 
36 
36 .55 



P. a. P.ct. P.cl. Lb». I IM. Lb9. 



8.0 9.00 



1,211: 13,510; 554 



"I r 



.52 
.52 
.54 
.51 
.51 
.51 
.55 
.55 
.55 
.55 

.55 : ' 1,184 13,689 564 

.55 



1,2(M' 13,498 621 

I I 



9.80 



36 
36 
38 
38 
38 
36 
36 
36 

36 
36 
36 

4 
4 
4 
4 
4 
4 



.55 , I 

.55 1,204 

.55 i.... 



.55 7.7 11.20 
.55 



.55 I ' ! 1,201 

.55 ' 



.55 



13,562 494 



13, 732 481 



.55 

.55 1,180 13,360 500 

.55 



.55 8.0 11. 

.55 

.55 

.55 

.55 

.55 1.. 



60.3 



.55 1.... 



.373I .542 7.85 10.4 



1,204 13,481 529 



1,190 13,a53i 464 



.075 l,197i 13,566, 526 



Started flres at 7.15 a.m. (main boiler): 275 pounds steam at 8.10 a.m. 

Temperature of oil in weigh tank, 37° F. 

Steam preflsure on burner, ao pounds. 

Pressure on oil system, 40 pounds. 

Total pounds oil burned, 9.578. 

Total pounds feed water, 108,485. 

Total pounds steam for burners, 4,207. 
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NAVAL ''LIQUID FUEL RPZPORT. 



No. 41. — Test of oil fuel in a HoheiiMein water-tube marine Itoiler^ February IS, 190S. 

[Eight hours' duration with natural draft, uning Advance burner ( improved ) , under 8team^20 pounds 

ftteam, 30-25 pounds oil.] 



Time. 



10.20 a. ni. 
10.35 a. 111. 
10. oO a. in. 
11.05 a. in. 
11.20 a.m. 
11.35 a. in. 
11.50 a.m. 
12.05 p. m. 
12.20 p.m. 
12.35 J), m. 
12.50 p.m. 
1.05 p. nj.. 
1.20 p.m.. 
1.35 p.m..' 
1.50 p.m.. 
2.05 p.m.. 
2.20 p.m.. 
2.35 p.m.. I 
2.50 i>.m.. 
3.65 p.m.. 
3.20 p.m.. 
3.35 p. m.. 
3.50 p.m.. 
4.05 p. m.. 
4.20 p.m.. 
4.35 p. m.. 
4.50 p.m.. 
5.05 p. m.. 
5.20 p.m.. I 
5.35 p. m..l 
5.50 p.m.. 
6.05 p.m.. I 
6.20 p.m.. I 



275 
275i 
275 
275| 
275 
275 
275 
275! 
276! 
275 
275 
275 
275 
275 
275; 
275' 
275j 
2741 
275 
275 
275 
275! 
275' 
275 
275, 
270 
275 
275 
275 
270j 
275 
2751 
275 



_L 



° F. 
120' 
120 
120 
117 
118 
120 
124 
120 
118 
120, 
120 
120 
120 
120 
119i 
118 
120 
124 
118 
116 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
124 
120, 
120' 



Calorimeter. 



Temperature. 



Ti. 



° F. 

4oo; 

400' 
402 
400 
404 
402 
400 
402 
404 
404 
400 
402 
402 
402 
400 
400, 
402 
402 
402 
402 
402 
400 
400 
402 
402 
402 
402i 
400 
400 
400 
400 

4oo; 

402 



o p 

306 
306, 
3041 
30(V 
306 
306 
306 
306 
:W8 
308 
308 
308 

;^8, 

308 
308 
308 
:W8 

:W8| 

308 
308 
:^06 

:i06 

306| 
308| 
308 
308 
308! 
308| 
308 
308 
308, 
;W8 
308 



Inside. 



i 

"5) 



'i I 



0.9855, 
. 9855 
. 9836 
. 9855 
. 9840 
. 9850 
. 9855 
. 9850 
.9852 
.9852 
.9870 
. 9860 
.9860 
. 9860 
.9870 
.9870 
;9860 
.9860 
.9860 
. 9860, 
. 9850 
. 98551 
. 9a5n 
. 9860: 
. 9860 
. 9860 
. 9860, 
. 9870 
.9870 
.9870 
.9870 
.9870 
.98()0 




107 



1.5 '. 
1 

1.5 . 
1.75 


'i45' 


'i67 


1 . 


1 
1 


154 


108 


9 


1 


1.5 1 

1.5 1. 
2 


154; 


107 


1.5 ■.;:::::::: 


1.5 
1.75 


159 


111 


1.75. 
1.5 i. 
1.75 
1 75 


"im' 


■iii 


2 ...... 


O ' 


2 1 
1.5 ,. 


152 


112 


2 ! 


2.25 1 


^^! 


160 


115 


2 



° F. ' 

86, 

87 

88' 

921 

95 

98 

102 

102 

104 

106 

104 

10<3 

106 

108 

106 

108! 

110, 

110 

108i 

106 

106 

108 

110 

104 

104 

108 

110 



110, 



110 
108 
106. 
108 



3 

.a 



106, 



° F ^ F ■ 
384....'., 

390 

396 640' 

406 

404 

400 

400 6'M) 

392 

394 

410 

410 645 

402 

404 

402 

410 670 

414 ' 

410 

406 

406 635 

406 

408 

406, I 

406 650, 
400 

396 ; 

394 

392 635l 

392 .. . 

392... 

398,... 

404 650 

400'... 

400,... 



Average ..■ 275 120.. 



. 9859 . 



I 

Urn 



30 
30 

30 

:^o 

30 

:\0 
:'.0 

30 
30 
30 
30 
30 
30 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 



15.S| no 104 401 1 644J 27.6 



Barometer at nf)on, 30.03 inche.«<. 

Test started at 10.20 a. m. 

Weather, clear. 

Air openings Into fu ranee 3 n and 6 H. 

Pressure on oil during first four hours was 30 pounds. Pressure on oil during second four hours was 
25 pounds. 

There were three deposits of carbon. Two of which were 1 foot in diameter, and the other 3 feet 
in diameter. 



OIL TESTS. 
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No. 41. — Test of oil fuel in a Hohensiein water-tube marine boiler ^ February 13, 1903. 

[Eifrht houra' dumtlon with natural draft, using Advance burner (improved ) , under steam— 20 pounds 

Bteam, 30-25 pounds oil.] 



Time. 




10.20 a. m 
10.35 a. m 
10.50 a. in 
11.05 a. m 
11.20 a. m 
11.35 a. m 
11.50 a. in 
12.05 p. m 
12.20 p. m 
12.35 p. in 
12.50 p. m 
1.05 p.m. 
1.20 p.m. 
1.35 p.m. 
1.50 p. m. 
2.05 p.m. 
2.20 p.m. 
2.35 p.m. 
2.50 p.m. 
3.05 p.m. 
3,20 p.m. 
3.35 p.m. 
3.50 p.m. 
4.05 p.m. 
4.20 p.m. 
4.35 p. m. 
4.50 p. m. 
5.05 p. m. 
5.20 p.m. 
5.35 p. m. 
5.50 p. m . 
6.05 p.m. 
6.20 p.m. 



Lighted Arcs at 7.05 a. m.; 275 pounds steam at 7 

Steam pressure on burner, 20 pounds. 

Draft pressure in furnace, 0.05 inch. 

Total poundH oil burned, 8,741. 

Total pounds feed water, 98,435. 

Total pounds steam for burners, 3,098. 
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NAVAL "LIQUID FUEL KEPOET, 



No. 42. — Test of oU fuel in a Hohenstein vxUer-tube marine 


boiler^ , 


February ^, 190S. 


[Eight hours' duration with 2- 


inch forced draft, using Advance oil burner, under steam— 20 pounds 
steam. 25 pounds oil.] 






1 
1 

1 ' 
1 ' 

X 

Lbs. . 


1 

c 

s 

g 1 

OF. , 


Calorimeter. 

T,. IV i Q. 

1 

1 
° F. ' F. 


1 

bo 




T 
< 


empcrature. 


t 

c 

§ 

X 




Tim< 


1 

s 


1 
1 

OF. 


s 

\ 






° F. 


OF 


lh9. 


1 p.m. 




275 


118 


402 


280 


0.9700 


2 


90 


m. 




20' 


25 


1.15 p. 
1.30 p. 


m.. 
m.. 


275 
275 


120 
120! 


400 
400 


290 

288 


.9762 
.9750 


2.25 
2 


90 
90 


406. 
394 




20| 
20 


25 


750 


25 


1.45 p. 


m.- 


273 


120 


402 


288 


.9745 


2 


90 


386. 




20I 


25 


2 p.m. 




275 


118 


400 


288 


.9750 


1.5 


90 


398.. 




20 


25 


2.15 p. 


m.. 


275 


120 


400 


290 


. 9762 


2 


90 


398. 




20, 


25 


2.30 p. 


m.. 


275 


120 


400 


290 


.9762 


1.5 


90 


394 


7a5 


20 


25 


2.45 p. 


m.. 


275! 


120 


402 


288 


.9745 


1.5 


90 


388. 




20| 


25 


3 p. m. 




275 
273 


120 
118 


400 
400 


286 
288 


.9740 
.9750 


2 

1.5 


90 
90 


378. 
384. 




20 
20i 


25 


3.16 p. 


m.. 


25 


3.30 p. 


m.. 


270 


117! 


398 


288 


.9760 


1.5 


90 


406 


710 


20 


25 


3.45 p. 


m.. 


275 


120! 


398 


290 


.9765 


1.5 


90 


410. 




20 


25 


4 p. m. 


- - .- 


275 


120; 


398 


290 


.9765 


2 


90 


410. 




20 


25 


4.15 p. 


m.. 


2751 


120 


398 


290 


.9765 


2 


90 


422. 




20 


25 


4.30 p. 


m.. 


275' 


118 


398 


290 


.9765 


1.5 


90 


424 


700 


2a 


25 


4.46 p. 


m.. 


275' 


116 


396 


290 


.9777 


2 


90 


406. 




20 


25 


5 p. m . 


«... 


275 


112 

1 


396 


292 


.9790 


2 


90 


394,. 

1 




20 


25 


Averag 


274| 


119. 






.9756 




90 


400 


714 


20 


25 









Temperature of oil does not appear in log. 
Barometer at noon, 30.26. 

Weather: Overcast, with rain from 2.80 until close. 
Air openings Into furnace 3 _ and 6 — 0. 
Steam valve, wide open. 



OIL TESTS. 
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Xo. 42. — Test of oil fuel in a Hoheiistein icater-tufte marine boiler, February 27 , 190S, 

[Eight hours' duration with 2-inch forced draft, using Advance oil burner, under steam— 20 pounds 

Hteam. 25 pounds oil.] 




Ga8 analysis apparatus disabled. 
Total pounds oil burned, 6,578. 
Total pounds feed water, 61.374. 
Total pounds steam for buniers, 1,680. 



32196—04- 



-13 
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NAVAL "liquid FUEL^' REPORT. 



No. 43. — Te«t of oil fuel in a HohengUin u^ier-tube ^narine f toiler ^ March ;?, 190S. 

id draft, M&Vtis Advance 
oil, 20 poundH 8t«am.] 



[Six honra' duration with 1-inch forced draft, iislnf Advance oil burner, under steam— 25 pounds 



Calorimeter. 



Temperature. 



Time. 



11a.m.. .J 
11.15 a. m.i 
11.30 a. m. 
11.45 a. m.i 

12m 

12.15 p. m. 
12.30 p.m. 
12.45 p.m. 

1 p. m . . 
1.15 p. m 
1.30 p. m 
1.45 p. m 

2 p. m . . 
2.15 p. m 
2.:^ p. m 
2.45 p. m 

3 p. m . . 
3.15 p. m 
3.30 p. m 
3.45 p. m 

4 p. m . . 
4.15 p. m 
4.30 p. m 
4.45 p. m 

5 p. m . . 

Average 




d 



i! 



.O 

5 
2 



'I 

1 « 



' P. ° /'. 1Jb». 

356 20 

356 20 

364 700, 20 

370 20 

380 20 

376 ; 20 

364' 710 20 

370 20 

374 , 20 

380 1 20 

394 710 20 

380 20 

384 1 20 

386 1 20 

388 700 20 

380, 20 

376 1 20 

380l 20 

380| 690 20 

388' 20 

384| ' 20 

380 20 

3801 680 20 

378, 20 

3681 20 

376 698 20 



Barometer at noon. 30.47 inche.«. 

Teststartfl at 11 a. m.; lighted fires, 6.45 a. m.: 275 pounds of steam at 7.50 a. m.: shut down for 
repairs, 8.15 a. ra.; rastArted, 9 a. m.; forced draft at 10 a. m.: 1-inch forced draft at 10.30 a. m. 

Weather, clear and cold. 

.\ir openings into furnace 3 ^ and 6 0—11 a. m. until 2 p. m.-. air openings into furnace 3 [J and 2 Q 
and 4 O. 

Steam valve, wide open. 



OIL TESTS. 
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No. 43. — Tent of oil fuel in a Hoh^nsteiii loiUer-iube marine boiler ^ March S, 190S, 

[Six hours" duration with 1-Inch forced draft, using .\dvanoe oil burner, under Hteam— 26 pounds 

oil, 20 pounds Hteam.] 



Time. 


u 

X 

i 

0.44 
.44 
.44 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45. 
.45, 
.45 
.45 
.45 
.45 
.45, 


Draft pressure 

Tul)e ('ham- 
.H.r. 

i 

I 1 : 

0.42 0.44-0 
.42 .44|- 
.42 .45- 
.42 .44- 
.42 .44 
.42 .451 
.42 .45 
.42 .45 
.42 .45 - 
.42 .'45|- 
.42 . 45 - 
.42 .45, 
.42 .45' 
.42 .45- 
.42 . 45 - 
.42 .45 
.42 .45- 
.42 .45- 
.42 .45' 
.42 .45- 
.42 . 45 - 
.42 . 45 - 
. 42 . 45 
.42 .45 
.42 . 45 - 


i 

'. 
I 

i 

\ 

\ 

08 
08 
08 
08 
08 
08 
08 


j 

X 

0.5 


Flue KAses. 
rO-. 0. CO. 

p.ct. \ n.ct. p.ct. 


1 

i 

*.> 

s 

1 

280 
279 
278 
278 
278 
278 
278 
278 
280 
280 
280 
279 
280 
280 
281 
281 
281 
280 
284 
280 
279 
281 
281 
281 
280 


Oil burned jht hour. 


Feed water per hour. 

1 


1 
Steam for burners (feed water, 
special boiler) per hour. 


11 A 111 





JM. 


IJb9. 


11.15 a. m 


— . 5 









11.:^ a. m. 


.5 
.5 




1 




11.45 a. m. 




1 








12 m 


. 5 






1,334 


12,827 


455 


12.15 p. m.; 
12.30 p.m.' 
12.45 p.m. 
1 p. m 


.5 








- .5 

- .5 

- .5 


















1,310 


12,889 


426 


1.15 p. m..' 
1.30 p.m.. 
1.45 p. m.. 

2 p. in 

2.15 p. m.. 
2.30 p.m..' 
2.45 p. in..l 

3 p. m ! 

3.15 p.m..' 
3.:»p. m..| 
3.45 p. m.. 

4 p. m 

4.15 p. m.., 
4.30 p.m.. 
4.45 p. 111... 

5 p. in 1 


- .5 








— .5 

— .5 

— 5 


4.813.2 0.6 


















1,524 


14,911 


614 


— . 5 








- .5 












— . 5 












- .5 
— .5 






1,444 


i4,639 


394 


- .5 












— . 5 

- 5 












1,403 


13, 767 


381 


- .5 








— .5 
- .5 

















5 






1,370 


13,453 


413 










Avera^re .-! 


.45 


.42 


.45 - 


OW 


- . 5 


4. 8 13. 2 


0.6 


280 


1,397.5 


13, 747 


447 



Pressure on oil Rystem, 25 pound.s. 
Draft presRure in flreroom, 1 Inch. 
Draft presMure In furnace, 0.8 inch. 
Total poundti oil burned. 8,3H5. 
Total pounds feed water, 82,486. 
Total poundH .steam for boiler, 2,683. 
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NAVAL ''LIQUID FUEL REPORT. 



No. 44. — Teid of oil fuel in a Ilofienstein water-tube marine boiler ^ March .i, 190S. 

(Three hoan* daration with 3-inch forced draft, lulng Advance burner, under nteam— Hteam, 2U iMiiindii: 

oil, 25 pounds.] 







i 


Calorimeter. 






Temperature. 


1 






1 


1 










Inid 


de. 






M 


i 






^ 


Time. 


s 


& . 
















b 


s 


s 




£ 


o 


T,. 


T,. 


Q. 








c 




^ 


2 




1 


II 








1 

1 






c 

t 

< 


c 




55 




L6«. 


op. 


° F. 


o/*. 




ln«. 


° F. 


° F. 


° F. 


° F. 


"" F. , 


rj)a. 


1.15 p.m.. 


275 


120. 


398 


288 


0.9760 


1.5 






87 


400. 





20 


1.30 p.m.. 


275 


120 


400 


286 


.9740 


1.5 




1 


88 


426. 





20 


1.45 p.m.. 


275 


120 


396 


288 


.9765 


1.5 


07 


77 


89 


420 


SIO 


20 


2p. m 

2.15 p.m.. 


275 
275 


lie; 

114 


398 
398 


288 
290 


.9760 
.9770 


1.5 
1.5 




» 


88 
90 


428. 
428. 


— 


?0 







20 


2.30 p.m.. 
2.45 p. m.. 


275 
274 


120 
120 


400 
398| 


290 

288 


.9762 
.9760 


1.5 
2 






89 
90 


424. 
416 


760 


?0 


56 


77 


20 


3p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 


275 
270 
275 
275 


124 
120, 
116 
120 


398' 
400, 
398 
398 


290 

288 
290 

288 


.9770 
.9750 
.9770 
.9760 


1.5 
3 
2 
1.5 






90 
89 
90 
90 


410. 
402. 

4:w. 
4:i8 


755 


20 






20 






20 


57 


78 


20 


4p. m 

4.15 p. m.. 


275 
275 


120 
120 


398 
398 


290 

288 


.9770 
.9760 


1 
1 






90 
90 


432. 
434. 





20 







20 








Averafce .. 


275 


119 


.9761 


56.6 


77.3 


89 


423 


775 


20 



Temperature of oil does not appear in the log. 
Barometer at noon, 30.55 inches. 

Teatfltarted at 1.15 p. m.; lighted fires 9 a. m.; 275 pounds nteam at 9.40 ti. m.; 3-inch forced ilraft at 
12.15 p. m. 
Weather: Clear. 
Air openings to furnace 3 \J and 6 steam valves wide open. 



OIL TESTS. 191 

No. 44. — Tt»t of oil fuel in a HoJienstein yxUer-lube marine boiler ^ March S, 190S, 

[Three hours' duration with 3-inch forced draft, using Advance burner, under steam-Hsteam, 20 ponndB; 

oil, 25 pounds.] 



Time. 



1.15 p. in. 
1.30 p.m. 
1.45 p. 111. 

2 p. Ill . . . 
2.15 p. m. 
2.30 p. 111. 
2.45 p. III. 

3 p. Ill . . . 
3.15 p. 111. 
3.30 p. III. 
3.45 p. 111. 

4 p. Ill . . . 
4.15 p. 111. 

Average . 



Preasiire on oil Hystem, 25 pounds. 
Draft pressure in flreroom, 3 inchew. 
Draft pressure in furnace, 2.6 inches. 
Total jKiundf* oil burned, 6,006. 
Total pounds feed water, 64,689. 
Total pounds steam for burners. 1,299. 





Draft pres 


•ure. 

X 

a 

c 

•c 

\ 

1 

< 

0.68 
.68 
.6 
.6 
.6 
.6 
.6 
.6 
.8 
.6 
.6 
.6 
.6 


I 

—0.4 

— .4 
-.4 

— .42 

— .42 


Flue gases. 


1 1 

1 ■ I 
1 t 

1 1 

458 

458L .... 


«4 

1 


a5 


Xi 

p 


Tube cham- 
ber. 

1 

1 ij 

1.9 1.7 
1.9 1.7 
1.82 1.64 
1.82 1.64 
1.82 1.64 
1.82 1.64 
1.82, 1.64 
1.821 1.64 
1.82 l.(>t 
1.82 1.64 
1.82 1.64 
1.86 1.63 
1.86 1.63 


COo. 
P.cL 


i 

0. CO. 

p. ct. P. cL 



1 
1.9 


Lbs. 


ZA». 


,1.82 




459! 






1 1.82 
1.S2 




458 










458 2,075 
458 


18, 872 


459 


1.82 


- .42 








1.82 


— .42 

— .42 


7 11 0.4 


460 




1.82 






458 




1.9 


— .42 
-.42 

— .42 






458 l,a55 
458. 


16,971 


428 


1.9 








1.9 




1 459 




1,8(3 


— .42 

— .42 




.... 


l"" 


1 
458 

458| 2,075 


18,846 


412 










1.8() 


1.85 i.a5 


.61 


— .42 


7 


11 .4 

1 


458 2,002 


18,229 


433 
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No. 45. — Test of oil fuel in a HoheiiBlein water-tube marine boiler ^ March 14i 190S. 

[Four hours' duration with 3-inch forced draft, for maximum capacity, usiufr Oil City Boiler Works 

burner, under 8team.] 



Time. 



1 p. m . . , 
1.15 p.m. 
1.30 p.m. 
1.45 p.m, 

2 p. m . . . 
2.15 p.m. 
2.30 p.m. 
2.45 p.m. 

3 p. m . . , 
8.15 p. m. 
3.30 p.m. 
3.45 p.m. 

4 p. m . . , 
4.15 p.m. 
4.30 p.m. 
4.45 p. m, 

5 p. m . . . 

Average . 



t 

I 



Lbi. 
275 
275 
275 
275 
275 
270 
275 
275 
275 
276 
275 
275] 
275 
2781 
275; 
275' 
275I 



110 
108 
110 
107 
110 
108 
106 
110 
114 
110 
106 

iio| 

108' 
108' 
104 
1061 
104 



Calorimeter. 



400 
400 
402 
398 
394 
396 



°F. 

282 
290 

292 
288 
288 
288 



I 

< 

Im. 
2 

2 

9 



Temperature. 



Inside. 



396 292 

396 288 

398 288 

396 288 

400' 290 

398! 288 

400 286 

m 292 

400 290, 

400| 292 

400. 290 



.9765; 
.9760 
.9765 
.9762 
.9760 
.9740 
. 9775 



3 

2 

2 

1.5 

4 

4 

2 



Of. 



0. 9716 
.9762 
.9765 
.9760' 
.9772 1.51. 
. 9765 1 , 
.97881 1 . 



92 



Wi I 71 



95 71 



.9762 2.5;. 
.9775 2 . 
.9762J 2 !. 



2751 108. 



-I 

.9762 93.5 



-I- 



°F. 
102 
102 
102 
102 
102 
104 
104 
104 
104 
105 
104 
104 
104 
104 
104 
104 
104 



° F. ° F. 
434.... 
444.... 



448... 
460 750| 

482 1 

476... 

448... 

448 80O 

448... 

440... 

436... 

438' 820 

442... 

442... 

444... 

440 855 

430... 



1 

IM. 
35 
40 
40 
40 
40 
40 
30 
35 
35 
40 
40 
42 
45 
65 
70 
70 
70 



70.7, 103.5 447 8191 60 



Barometer at noon, 30.2 inches. 

Test for maximum capacity. 

Throughout the greater part of the test the feed pump wan nin at maximum capacity, the height 
of water In the boiler being regulated by the adjustment of the burner. 

Test starts at 1 p. m., lighted fires at 9 a. m.; 275 pounds of steam at 10 a. m.: 3-inch forced draft 
at 12 m. 
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Xo. 45. — Test of oil fuel in a Ilohensteln VHiter-tube marine boiler ^ March 14, 190S. 

[Four hours' duration with 3-lnch forced draft, for maximum capacity, using Oil City Boiler Works 

burner, under steam.] 







. u 






a, 






H 






If 


^ 


c 


^2. 


g 


§ 


S^ 


JZ 


x: 


sS; 




i 


11 


1 


1 


.£? 




Weather, clear and pleasant. 
Air openings into furnace, 3 G and 6 0. 
Steam pressure on burner, 20 pounds. 
Total pounds oil burned, 10,460. 
Total pounds feed water, 108,267. 
Total pounds steam for burners. 3.2:^9. 
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No. 46. — Test of oil f ml in a Iloheiutem miter-tuhf marine boiler^ April P, 1903. 

[Ei^ht hours' duration with natural dmft. Texas oil, u^inif Booth burner (Santa Fe Railway^, 

under Hteam.] 



rime. 



be 

s 



a. 



Calorimetor. 



Temperature. 



9.15 a. m.. 
9.30a. m.. 
9.45 a. m.. 

10 a. m 

10. lo a. m. 
10.30 a. m. 
10.45 a. m. 

11a. m I 

11.15 a. m.i 
11.30 a. m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.- 
1.30 p.m.. 
1.45 p. m.. 

2p.m 

2.15 p. m.. 
2.30 p.m.. 
2.45 p. m.. 

3p. m 

3.15 p. m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p. m.. 
4.30 p. m.. 
4.45 p. m.. 

5p. m 

5.15 p. m.. 



lAfK I 

270 
270 
273 
270 
270 
272 
274 
275| 
275 
273 
275 
275 
270 
274 
275 
275 
270 
270 
270 
270 
270 
265 
270 
270 
270 
270 
270 
270 
270 
270i 
270 
268 
272, 






B 



' F. 
124 
116 
120 
118 
116 
120 
120 
121 
118 
118 
120 
120 
116, 
120 
120 
120 
120 
120 
116 
120 
120 
124 
120 
120 
120 
120 
118 
120 
120 
118 
116 
116 
112 



Te. 



Inside, 



I- 



= /'. . 

398 
400 
400 
398 
400 
398 
398 
398 
398 
398 
396 
394 
396 
396 
396 
396 
400 
400 
394 
396 
396 
398 
398 
398 
398 
398 
396 
398; 
400^ 
400 
400, 
396i 
398 



298 
298 
298 
2^)8 
298 
298 
298 
298 
298 
298 
296 
296; 
296 
296 
296 
296 
298 
298 
296 
296 
296 
296 
296 
308; 
308 
308 
306, 
308 
308 
308; 
308 
308! 
308 



1.9816 


Jtif. 
1.75 


'^K 


° l\ 


.9810 


1 
1 
1 
1 75 






.9810 
.9816 


72 


60 


9810 




. 9816' 


1.75 




. 9816 
.9816 


1.75 

1.5 

1.75 


■"73i 


60 


.9816 






.9816 
. 9813 
. 9820 


1.75 

2 

1.75 


"74" 


"'d' 


.9813 
.9813 


1.75 

2 

2 

2 

2 

1.75 

1.75 

2 

2.5 

1.75 

1.5 

1.5 

1.75 

1 75 







.9813 
. 9813 


75 


()2 


.9810 






.9810 
. 9820 
.9813 


""78* 


"64" 


.9813, 
. 9805 
.98a5 
.9872 
.9872 


"79* 


'*68' 


9872 






.9870 
9872 


2 
1 75 


82 


65 


. 9870 


2 
1.75 






. 98701 






. 9870' 
9880 


1.5 
1 75 


88 


68i 


.9872 


1.75 







F. 


° F. K 


rjfi>. 


78 


:m 


90 


78 


330 


90 


81 


334 


90 


82 


334 


90 


84 


334 


90 


86 


334 


90 


88 


336 


90 


88 


336 


91 


88 


334 


90 


87 


:33o; 


90 


88 


3:^2 


90 


86 


334 


90 


89 


330 


90 


88i 


332 


90 


88' 


328 


90 


88 


330' 


90 


90 


•sso' 


90 


88 


:m 


90 


90 


330 450 


90 


90 


334 


90 


90 


334 


90 


90; 


336 


90 


90i 


336 420 


90 


90 


336 


90 


90 


:m 


90 


92 


336 


90 


92i 


336 560 


90 


90! 


336 


90 


90; 


;«4 


90 


88! 


3361 


90 


88 


336' 420 


90 


90 


336 


90 


88, 


336. 


90 



Average...' 271 119 1 .9831 78 1 64 



I 



88 334 



462 



90 



Barometer at noon. 29.M InchcB. 

Started tires at 5.55 a. m.; 275 pounds steam at ().40 11. m.: ie.st starts at 9.15 a. m. 
Weather, clear and warm. 

Air into furnace: 9.15 to 11.15, 3 and 2 0; 11.15 to 1.15, 3 ' : 1.15 to end. 3 [ and 2 0. 
Only the center of the flat steam jet mixes with the oil. hence the burner appears to be extravagant 
of steam. 
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No. 4(). — TeM of oil fuel in a Holumslein water-tube marine Itoiler^ April P, 190S. 

[Eight hourn' duration with natiiml draft, Texas oil, iLning Booth burner (Santa Fe Railway), 

under steam.] 



Draft pressure. 



Tube 
chamber. 



Flue gases. 



Time. 



E 
c 

o 





CO,. 


0. 




M 








J 



































Smok 



o 



Si 




The burner can not be forced to any considerable extent, as no pressure can be used on the oil 
which would be suflicient to overcome the drooling. 
Three burners used, two large and one small. 
Pressure on oil system, 9 pounds. 
Total pounds oil burned. 5,758. 
Total pounds feed water, 67,M3. 
Total pounds steam for burners, 6,798. 
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No. 47. — Test of oil fuel in a Hohenstein water-tube marine boiler, April 10, J 90.1. 

[Four hoans' duration with 1-inch forced draft, Texas oil, using Booth burner (Santa Fc Railway) 

under steam] . 



Time. 



10a. m 

10.15 a.m. 
10.30 a.m. 
10.45 a.m. 

11a. m 

11.15 a.m. 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p.m. 
12.30 p. m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2p.m 

2.15 p.m.. 



B 



Lbn. 
270 
270 
270 
275' 
275; 
275 
275^ 
275 
275 
275 
275 
270 
270 
273 
275 
270 
270 



Average .. 273 120| 



Calorimeter. 



o 

a 



T,. 



I 



o/*. 1 

120 
120 
120 
118 
128 
124 
120 
120 
118 
118' 
118' 
120 
120 
119 
118 
120, 
120. 



'>F. 



396 
394 
396 
396 
396 
400 
400 
396 
396 
396 
398 
400 
398 
400 



T,. 



op 

300 
302 
300 
300 
302 
302 
302 
302 
302 
300 
300 
300 
302 
300 
302 
302 
302 



Temperature. 



Inside. 



0.9835 
.9840' 
.9835, 
.9842 
.9845' 
.9845 
.9845 
.9825 
.9825' 
.9835 
.9835' 
.9835 
.9840 
. 9820 
.9840' 
.9825 
.9840, 



I 



Tna, 
2 

2 

2.5 
2 
2 

1.5 

1.5 

1 

2 

5 

6 

3 

3 

1.5 

1.75 

2 ' 



Q 
° F. 



c 
I ^ is 

I St ^ 



»/'. 



I 

84 64 



87i 



65 



65} 



90 



•I- 



66 



88 I 65 



I 



OF. 

99 
100 
100 
100 
100 
100 
100 
102 
102 
1021 
102 
102 
102 
104 
104 
104 
104 



102 



374 
374 
378 
376 
374 
376 
378 
380 
378 
378 



11 






* F. \ <'F. Lta. 

372 90 

372' 90 

372! 540, 90 
370' 90 



368' 90 

376* 90 

376 560 90 



...-■ 90 

.... 90 

.... 90 

665 90 

.-..1 90 

.... 90 

....' 90 



556, 90 



90 
90 
90 



375 578i 90 



Barometer at noon, 30.09 inches. 

Test starts at 10 a. m.; lighted flres at 6 a. m.: 275 pounds Hteam at 6.60 a. m.; l-inch forced draft at 
9 a. m. 
Weather, clear and warm. 
Air openings into furnace, S n and 2 G). 
Test ends at 2 p. m., owing tolack of fuel oil. 
Three burners in use as follows: S-inch, 2-lnch, 3-inch. 
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No. 47. — Test of oU fuel in a Hohensiein imter-tube inarine hoUery April 10 ^ 190S. 

{StyvLT hours' duration with 1-inch forced draft, Texas oil, tiding Booth burner (Santa Fe Railway), 

under steam.] 







Draft pressure. 


Fine gases. 




1 
1 
1 

2 




I- 


i 


Tube cham- 
ber. 


1 

1 

< 


I 

OB 

C 


COa. 


1 
1 




It 


Time. 


g 
1 


^ 


1 


. 1 
0. i CO. o 

'i s 

1 o 

: 1 


if 

r 

cc 


10 a. m 


9 0.28 


2 


—0,1 


-0.45 

- .45 
-.45 

- .45 

- .45 

- .45 

- .45 


P.ct. P.ct. P.ci. 
.....1 


275 

278 


IM. 


Un. 


U>8. 


10.15 a.m. 9 .28 .2 






1 






10.30 a. m.| 9 1 .28 .2 




280 
280 
280 






10.45 a. m.l 9 i .28 .2 










11a.m.... 9 


.28 .2 






1,270 13,910 


805 


11.15 a.m. 9 


98 


.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 






280 
282 




11.30 a.m. 9 j .28 


n.9 14.0 






11.45 a.m. 9 .28 


— .45 280 






12m 9 .28 

12.15 p. m- 9 .28 


- .45 

- .45 
-- .45 

- .45 

- .45 


' !__ 

1 


280 
281 
282 


1,385 15,552 


843 


12.30 p. m. 
12.45 p.m. 
Id. m 


10 .28 

10 .28 

9 ' .28 


1 









281 


1 




, 




280 
280 
280 
281 
280 
' 280 


1,240' 14,367 


700 


1.15 p.m.. 9 ' .28 
1.30 p.m.. 9 1 .28 
1.45 p.m..' 9 1 .28 
2p.m ' 9 1 .28 


- .45 

— .45 








8.2 11.8 -2 


1 




- .45 

- .45 

- .45 






1 








1,350 15,113 


800 


2.15 p.m.. 


9 .28 














{ 




Average .. 


9. 1 .28 

! 


.2 


- 




- .45 


6.7 


12.4 


.1| 280 


1,311 


14,761 


787 



Draft pressure in fireroom, 1 inch. 

Draft pressure in furnace, 0.6 inch. 

Draft pressure in combustion chamber, 0.2 inch. 

Total pounds oil burned, 5,245. 

Total pounds feed water. 58,942. 

Total pounds steam for bumeis, S,148. 
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No. 48. — Test of (tU fuel in a Hohemteiu xixUer-tube marine hniler^ April 17 ^ 190S. 

[Six hours' duration with natural draft, ('alifomia oil. iwing Booth burner (Santa Fe Railway) , uiulir 

Mteam.] 





i 

Xi 

I ' 

B 

1 

1 
IM. , 

275 
272 
276f 
275' 
275 
275 
276 
275 
275 
275 
276' 

275I 
275; 

275 
275, 
275 
275 
274, 
275 
273 
275 
274 

275; 

276, 
275, 


1 



122 
119 
120 
120 
120 
120 
120 
120 
120 
118 

„a 

122 
122 
120 
120 
122 

120 

120 
120 
124 
118 
120 
120 
124 
tl8 


Ca 

1 

1 

1 

T,. 

i 

°/'. 
398' 
398 
396J 
398' 
398 
398 
398; 
396 
396 
398 
396 
394; 
394' 
398 
398 
398 
398 
398 
398 
398 
398' 
398 
398 
396 
396 


lorimel 


er. 


i 

1 

Int. 

2 
2 
2 

2.25 

: i 

2 ' 
2 1 

2 
2 
2 

2 ' 

2 

2.25 

2 

2.25 

2 

2 ' 

2 1 
2 

2 , 

2 
2 

2 ' 


Inside. 


rempei 

1 

c 
< 

OF. 
80 
80 
80 
78 
78 
80 
82 
82 
82 
84 
84 
84 
84 
88 
84 
84 
84 
84 
86 

m 

88 
86 
86 
86 
88 


■ature. 








p 1 


Si 
1 

Xi 

.2 

a: 

OF. 
328 
336 
336 
336 
336 
334 
336 
336 
SM 
334 
334 
336 
336 
334 
334 
334 
330 
330 
330 
334 
334 
336 
336 
3:^4 
332 


1 

OF. 

490^ 
1 

1 

530 

i 

1 

1 

i 

1 

I 

480 


450 


1 


Time. 




St 


at 

h 

I 


11a.m.... 


306 
306 
306 
306 
:i06| 
306 
306| 
306 
304j 
306' 
306' 
306! 
306' 
306 
306' 

:^)6 

306 
306 
306 
306 
306^ 
306 
306 
306 
306 


IM. 
10 


11.15 a.m. 






10 


11.30 a.m. 
11.45 a. in. 


74 


61 


10 
10 


12m 






10 


12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p. u\.^ 

2 p. Ill 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 






10 


81J 


62 


10 
10 






10 






11 


81 


63 


11 
11 






11 






11 


82 


63i 


11 
11 


3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 


.... 




11 
11 


83 


64 


11 
11 


... 




11 
11 


85 


65 


11 
11 


5 p. m 






10 








Average .. 


275| 


120 




.... 


.9807 




81 


63 


84 


334 


487 


10.6 



Barometer at noon, 29.77 inches. 

Test started at 11 a. m.; lighted fires at 6.4o a. m.: 275 pounds Hteam at 8 a. m. 

Weather, clear. 

Air openings Into furnace, 3 ui and 2 0. 

Heaters as follows in operation: In supply tank, G-51 iooi lengths with 2-12 foot connections on bot- 
tom of tank at suction end; in main surge tank. 10-1 foot 9 inch lengths; in auxilliary sui^ge tank, 2-3 
foot lengths— all of 1-inch pine, using steam at 125 pounds. 

Temperature of oil in supply tank at nrx)n, 110 ° F. 
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No. 48. — TeM of oil fuel in a IToheii»ieiii vxiier-tufte nuirine boiler^ Ajtril 17 y 190S. 

[tjix hours' durHtioii with natural draft, California oil. URing Booth burner (Santa Fe Railway), under 

steam.] 



Time. 



11a. Ill 

11.15 a. 111. 
11.30 a. 111. 
11.45 a. m. 

12 m 

12.15 i».m. 
12.30 p.m. 
12.45 p.m. 

1 p. ni 

1.15 p. 111.. 
1.30 ii.m.. 
1.45 p. 111.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p. m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 

4.15 p. 111. . 
4.30 p.m.. 
4.45 p. 111.. 

5 p. m 

Averajfe .. 



Draft pressure. 



Flue gaaejj. 







^ 




Tube cham- 


g 


. 


ber. 


C 


^ 






B 




b 


0] 










iS 



CO.-. o. 



0.15 
.15 
.15 
.15 
.15 
.15 
.15 
.16 
.16 
.17 
.16 
.16 
.1 
.16 
.16 
.15 
.15 
.17 
.16 
.17 
.17 

.17 

I 
.17 

.17; 

.18, 



0.26 
.28 
.27 
.28 
.28 
.28 
.28 
.28 
.28 
.27 
.27 
.27 
.30 
.27 
.27 
.271 
.27 
.27 
.28 
.28' 
.28' 
.27 
.28 
.27 
.27 



I ' I 



0.25 0.25 






.25 
.24 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.^ 

.23 
.27 
.23 
.23! 
.23 
.23 
.24' 
.25 
.25 
.25| 
.25 
.25j 
.25 
.25 



.,b; 



.28 

.27 

.27 

.27 

.27 

.27 

.27 

.2' 

.2' 

.25 

.25 

.28 

.25 

.25 

.25 

.25 

.26 

.26 

.26, 

.26' 

.26| 

.26' 

I 
.26 

.26 



I 



0.32 
.3' 
.35 

.35 

I 
.35- 

.35; 

.35' 

.35 

.:i5 

.35 

.35 

.35 

.36 

.35 

.35 

.35i 

.35 

.33 

.35 

.35; 

.35 

.35 

.:« 

.W 

.35! 



! p. ct. I p. ct. p. ct. TJb9. 
0.43 ! 



t 
S 

3 



.45. 
.45'. 



.43 
.43 
.45 
.45 
.45 
.45 
.45 



8 15 



. 25 . 26! . 35 



.45 
,45 
.45 
.45 
.45 

.45 

I 
.45 

.42 

.42I 
.44' 
.45 

.43; 

.43 
.43' 
.43! 

.44; 



OS 

TJbs. 







/ilir. 




800 8, 948 8:i5 



771 9,000 935 



8001 6, «?«- *i7i? 



704 7, 986, 878 



7.4 13.2 2.2. 



775 



8,616 1,015 



I 


721 


8,320 


823 


1 


1 




7.7 14.2 


2.i 762 


8,624 


893 



About 60 poundfl of carbon formed on front part of bridge wall In furnace. 

Three burners in use (per cent compare with run of April 9). 

Temperature of oil in weigh tank, 110 ° F. 

Steam pressure on burner (Scotch boiler), average, 90 pouud». 

Total pounds oil burned. 4,571. 

Total pounds feed water. .51.746. 

Total pounds steam for burners, 5.358, 



\ 
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No. 49.— Tent ofoilfwl in a IluktuMnn imter-tulte marine hnler, April 18, 190J. 

[Four hours duration with 1-inch foreed draft, California oil, using B<joth burner (Santa Fe Rail- 
way), under steam.] 





if 
i 

1 

a. 


1 

s 

r 


Caloiime 

1 


ler. 


i 

1 

i 

1 


Temperature. 
Innlde. 

1 1 ■ 

. I = s 


1 




Time. 


Q. 


i 
1 

g 

1 




Lbs. 


°F. 


^F. 


° F. 


Ini>. 


° F. 


or. j 


^ F 


° F. 


° F. 


IJrtt. 


10.15 a.m. 
10.30 a.m. 
10.45 a.m. 


275 


120 


:{98 


:^? 


0.9840 2 




1 


94 


328. 






•>75 


120 


398 


'Mr?. 


.9840 2 






96 


342. 






275 


124 


:«8 


:}02 


.9840 2 


82 


66 


m 


346 


600 




11a. m . . . 


276 


120 


398 


:^) 


.9825 2 







96 


;i48. 






11.15 a.m. 
11.30 a.m. 
11.45 a.m. 


275 


116 


398 


:^oo 


.9825 2 






98 


346. 






275 


120 


398 


30'> 


.9840 2 






98 


356. 






275 


118 


396 


300 


.9835 2 


Ki 


65 


99 


366 


m) 




12m 


275 


114 


396 


300 


.98:^5 


1.75 







98 


356. 






12.15 p.m. 
12.30 p.m. 


273 


118 


400 


MM) 


.9820 


2 


' 




98 


:i54'. 






273 


120 


396 


298 


. 9822 


1.5 


. - . - 




98 


■W. 






12.45 p.m. 


275 


119 


396 


298 


.9822, 1.5 


84 


(55 


98 


:i50 


480 




1 p. m 

1.15 p.m.. 
1.30 p.m.. 
!.45p. m.. 


275 


120 


396 


2^« 


.98:^5 2 






98 


356 . 






27d 
275 
275 


i 1 '-^O 


'jaa 


.9822 *2 






98 


:i=)6. 






118 
120 


396; 
396 


300 
298 


. 98:^5J 2 
. 9822 2 






98' 
98 


356. 
3.54' 


5(X) 




86 


66 




2 p. m 


j 275 


1 ^^** 


394 


298 


.983l| 1.5 


. . - . 


. . . . . 


100 


:)54 . 




10 


2.15p.m.. 


I .T. 


1 118 


:W8 


2^)6 


.9802 


1 




1 


100 


358. 




10 








Average .. 


275 


119. 




.... 


.9829 




"i 


a5.5 


98 


352 


535, 


10.9 



Te«t starts at 10.16 a. m.: lighted flres at fm. ra.; 275 p<mnd8 steam at 7.20 a. m.: 1 Inch forced draft 
at 9.15 a. m. 

Weather, clear. 

Air openings Into furnace, 3 n and 2 v?. 

Oil heaters in operation as In lest No. 4s. During the lawt tliree hours of this run much f»Il waa ' 
observed to bum on the furnace bottom. 

About 40 pounds of carbon formed on front of furnace bridge wall. 
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No. 49.— Test of oil fuel in a HohensUin u^ater-tube marine boiler, April 18, 1903. 

[Four hours duration with 1-Inch forced dmft, CalJiomia oil, using Booth burner (Santa Fe Rail- 
way), under steam.] 




s S 

I 5 

I I 

•1-1 ** 

i t 



If 



55 



.5 


1. 

L6». 


1 


L6*. 


lA*. 


1 
















1,328 


13, 682 


1,245 



280: 1,368 14,394 



280 

280 

280' 1,295 13,808 

280^ 

281 



93:5 



903 



280i 1,222; 13,031 



280 1,303' 13,754 



935 



1,004 



Three burners in use (to compare with run of April 10). 

Steam pressure on burner (Scotch boiler), 90 pounds. 

Draft pressure in fireroom, 1 inch. 

Draft pressure in furnace, 0.65 inch. 

Total pounds oil burned, 5,213. 

Total pounds feed water, 54,915. 

Total pounds steam for burners, 4,016. 
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No. 50.— T^x/ of oil fud in a Hofttnstein n-ater'tube marine Mler, April JO , 190S. 

[Three houn«' tliiration with 3-Jnch forot'd draft. California oil. iwlnif Btjoth bunur (Santa Fe Rail- 
way), under 8t<^m.] 



(Calorimeter. 



Tempernturc. 



Time. 



12m 

12.15 p. m 
12.30 p. m 
12.45 p. Ill 

1 p. m 

1.15 p.m. 
1.30 p.m. 
1.45 p. m . 

2p.m 

2.15 p.m. 
2.30 p.m. 
2.45 p.m. 
3 p. m - - 
Average . 



» 
£ 



Inalde. 






T,. 



T,. 



IJbs. 
275 
275 
275 
275 
275 
275 
274^ 
275 
275 
275 
276 
275 

275 



124' 

lis' 

120| 
120'j 
118 
118, 
118 
118 
114 
110 
116 
120, 
112* 



396 
396 
394 
394 
394 
394 
392 
394' 
396 
396| 
396 
396 
394 



296 0.9812 



296 
294 
290 
286 
294 
296 
296 
298 
300 
298 
298 
298 



275 117 



I 



. 9812 
.9808 
.9785 
.9762 
.9808 
.9830 
.9820 
.9822 
.9835 
.9822 
.9822 
.9830 



.9813 



I i 



In*. • 

2 

2.5 

1.25 

1 

1.5 



'F. 



^^ 68 



2 

2 

I 
2 I 

3. 25 

2 

1. 75, 
3. 25, 



84| 



70; 



84 70 



96 
96 
96 
96 
96 
94 
96 
98, 
96 
96 
96 
96 
96 



c 






°F. 


°F. 


Lbt. 


402. 




90 


408. 




90 


404 


"700 


90 


380. 




90 


:im. 




86 


368. 




90 


382 


ft 750 


90 


370. 





90 


m2 


90 


366 


90 


360 


ft 780 


90 


374. 


90 


376. 





90 



84 69 96 378 743, 



a Estimated; pyrometer not working; lead meltM slowly. 
b Estimated. 

Test started at noon: lighted flres at 6.55 a. m.; 275 pounds steam at 8.20 a. m.; 
10.15 a. m.; 3-lnch forced draft at 10.46 a. m. 
Weather, overcast. 

Air openings into furnace, 3 o and 2 0. 
Three burners in use. The burners appear to require constant attention. 



90 



1-Inch forced draft at 
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No. 50. — TeH of oil fuel in a Hohenstein waier-ivhe marine boiler j April SO^ 1903. 

[Three hoars' duration with 8-inch forced draft, California oil, uain^ Booth burner (Santa Fe Rail- 
way), under steam.] 



Time. 



Draft pressure. 



12 m , 

12. 15 p. m 
12.30 p. m 
12.45 p. m 

Ip. m 

1.15 p.m. 
1.30 p.m. 
1.45 p. m . 

2p.m 

2.15 p.m. 
2.30 p.m. 
2.45 p. m . 
3p.m 

Average . 



2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 



2.3 



Tube cham- 
ber. 



< 



1.4 

1.3 

1.3 

1 

1.3 

1.3 

1.3| 

1.3 

1.3 

1.3 

1.3 

1.3 

1.3 



1.3 



1.4 
1.4 

1.4! 
1.4' 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



1.4 



1.2 
1.2 
1.2 
1.2 
1.2 
1.2; 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 



1.2 



0.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 



.5 



-0.45 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 

- ,45 

- .45 



— .45 






Lbs. 



470 
468 
470 
467 
465 
... 465! 
466; 
460 



1,956 



§ 

Xi 

ft 

%. 



Lbs. 



19,109 



460' 2,089 
460'. 



li 



.1 



1.2 



460; 
461 
458! 1,976 



464! 2,007 



20, 392 






»-3 



IJm. 



1,124 



1,380 



19,604 



19, 702 



1,374 



1,293 



A deposit of carbon formed on furnace bridge wall as in previous test. 

Barometer at noon, 29.66 inches. 

Pressure on oil system, 10 pounds. 

Total pounds oil burned, 6,021. 

Total pounds feed water, 59,105. 

Total pounds steam for burners, 8,878. 



3211 



14 
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No. 51. — Test of oil fuel in a Hohenstein waierAube marine boiler, April £1^ 190S. 

[Four hours' duration with S-inch forced draft, California oil, using Booth burner (Santa Fe Rail- 
way), under steam.] 





2 


a 


Calorimeter. 


1 


Temperature. 






T,. 


T.. 


Q. 


Inside. 


d 

u 

< 

OF. 

90 
88 
90 
90 
90 
90 
90 
90 
92 


i 
5 


1 

1 

1 


1 


Time. 


£? 

Q 




§ 


11 a. m.... 


Lbs. 
267 
269 
268 
268 
269 
268 
267 
265 
268 


o F^ 
124 
120 
116 
120 
118 
118 
120 
120 
120 


396 
396 
396 
396 
396 
396 
392 
394 
396 


296 
296 
296 
296 
296 
296 
294 
296 
296 


0.9812 
.9812 
.9812 
.9812 
.9812 
.9812 
.9815 
.9820 
.9812 


Int. 

2.75 

1 

1 

1 

2.75 

2 

2 

1.5 

2 75 


o/-. 


OF. 


364 
366 
370 
364 
370 
374 
370 
362 
360 


OF. 



665 


JUm. 
25 


11.15 a.m. 






25 


11.30 a.m. 






25 


11.46 a. m . 






23 


12 m 






23 


12.15 p.m. 
12.30 p.m. 
12.45 p. m . 
Ip.m 






23 


82 


61 


23 
23 
23 






Average .. 


268 


120 






.9813 




82 


61 


90 


366 


665 


23.6 






1 




3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4p.m 

4.15 p.m.. 
4.30 p.m.. 
4.45 p.m.. 
5 p.m 


265 
268 
266 
265 
270 
270 
280 
270 
274 


120 
120 
124 
120 
120 
126 
126 
130 
120 


394 
394 
f 392 
394 
396 
396 
394 
396 
394 


294 
294 
294 
294 
294 
294 
292 
294 
292 


.9808 2.5 
.9808 1.5 
.9815, 1.5 
.9808: 2 






94 
94 
94 
94 
94 
94 
94 
94 
94 


366 
368 
368 
366 
362 
356 
354 
358 
352 


786 
775 


23 






23 


83 


61 


23 
23 


.9800 
.9800 
.9795 
.9800 
.9795 


2... 

1.5 

1.75 

1.5 

2.5 


83 


60 


23 
23 
23 
23 






23 








Average .. 


270 


123 






.9803 




83 


60.5 


94 


361 


780 


28 









Averajre 
both runa 


269 


121 






.9808 




82.5 


«■ 


92 


364 


722 


« 


<* 









The logs of two tests are combined as one. This set of two tests and the succeeding test are for the 
purpose of comparing the performance of the diflerent sizes of Booth burners. 

First run: Test starts at 11 a. m.; lighted fires at 7 a. m.; 275 pounds steam at 7.66 a. m.; 3-inch 
forced draft at 10 a. m.; shut down at 2 p. m. One 4-inch burner. Deposit of carbon on bridge wall. 
Weather clear. 

Second run: Test starts at 3 p. m.; lighted fires at 1.40 p. m. One 6-inch burner. Boiler hot from 
preceding run. 8-inch forced draft. Deposit of carbon on bridge wall. Weather, clear. 

Steam pressure on burner (Scotch boiler), 90 pounds. 

Draft pressure in fireroom, 3 Inches. 

Draft pressure in furnace, 2 Inches. 

Draft pressure in combustion chamber, 1.2 inches. 

Total pounds oil burned, 5,812. 

Total pounds feed water, 52,432. 

Total pounds steam for burners, 3,197. 
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No. 51. — Test of oil fuel in a Hohenstein tcater-tube marine boiler t April 81 ^ 190S. 

[Four houra' duration with 3-inch forced draft, California oil, using Booth burner (Santa Fe Rail- 
way), under steam.] 





Draft pressure. 


Flue gases. 


i 


d 

•s 




o 


I 
1 


i 




Tube cham- 
ber. 


"0 

1 



1 

< 


1 


CO,. 


0. 


- 
CO. 


h 


Time. 


^ 


1 


it 


11 a. m 


1.3 
13 




o..^'s 


-0.45 

- .45 

- .46 

- .45 

- .45 

- .45 

- .45 

- .45 

- .45 


P.ct. 


P.et. 


p.ct. 




465 
464 
464 
465 
464 
465 
466 
464 
464 


Lb9. 


Lbs. 


Lbs. 


11.15 a.m. 


l.li .4 
l.l! .4 
\.V .4 
l.li .4 

1 

1.1 -4 
















11.30 a.m. 1-3 


4 


14.2 


0.4 


1 








11.45 a. m . 


1.3 
1.3 








12m 










1,532 


13,965 


670 


12.15 p. m.i 1.3 
12.30 p. m.| 1.3 
12.45 p. m . 1. 3 
Ip.m i 1.3 














.4 
.4 
.4 








* 




























1,480 


12,963 


668 


Average .. 




























464 


1,506 


13,464 


669 


3 p. m 


















1.3 


- - 


.4 - .45 
.4 — -45 










455 
456 
455 
455 
460 
458 
456 
458 
456 








3.15 p.m..! 1.3 
3.30p.m. .i 1.3 
3.45 p.m..! 1.3 

4p.m 1.3 

4.15 p.m.. 1.3 
4.30 p.m.. 1.3 
4.45p.m.. 1.3 
5p. m 1.3 
















.4 
.4 
.4 
.4 


- .45 

- .45 

- .45 

- .45 


1 

5.2 14.4 





1 


























1,438 


13,034 


882 












1 
.4 \- .45 

.4 - .45 

.4 '-- -45 








i 




























1,362 


12,470 


977 




















Average .. 


















457 


1,395 


12, 752 


929 






















Average 
both rune 


1.3 


1.1 


.4 


- .45 


4.6 


14.3 


0.2 


1.37 


460 


1,450 


13, 108 


799 



Air openings into furnace, 2 Q and 20 square inches; middle, o and 276 square inches. 
Barometer at noon, 29.7 inches. 
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No. 52. — Tetl of oil fuel in a Hohenstein water-ltibe marine boiler j April ff, 190S. 

[Two hours' duration with 3-inch forced draft, California oil, using Booth burner (Santa Fe Railway), 

under steam.] 



Time. 



^ 
2 



Calorimeter. 



Ti. 



11 a. m 

11.15 a.m.| 
11.30 a. m J 
11.45 a. m . 

12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p. m . 
Ip. m 

Average... 



Lbs. 
268 
307 

-'«; 

2m 



120 
120 

120 
ItH 
120 

124 
118, 

m\ 

120! 



T,. 



OF. 

S96 
394 

394| 
390 

396' 
394 
394 



Of 

294 

I 

294 
292. 

294| 
292 
292| 
292 
2\>2 



a 9800 
-9795! 
-9800 
.9795; 
. 9800 

. 97VH); 
. H795 
.97% 



269, 120| I • .9797 



Ins. 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



Temperature. 



Inside. 



P 



77i 



59} 



78 



78 



59 



59 



86 
86 
86 
86 
88 
88 
88 
90 
88 



87 



a 
I 



•2C 

25 



Lbs. 
90 

....i 90 
760j 90 

.... 90 

....i 90 
....i 90 



'F. 
366 
366 
360 
36o' 
358| 
360; 
360 775 90 

364 1 90 

360 1 90 



362 767 90 



Barometer at noon, 29.81 inches. 

Test starts at 11 a. m.; lighted fires at 7 a. m.; 275 pounds steam at 7.50 a. m.; 3-lnch forced draft at 
10 a. m. 

Weather, clear. 

Air opening into furnaces, 2 n and 20 square inches. 

Deposit of carbon on bridge wall and on false bottom to within 6 Inches of burner, demonstrating 
that oil was not well sprayed, i e., not sufficiently atomized during the last hour. 
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No. 62. — Teti of oU fuel in a HohenMein yxUer-tube marine boiler, April 22^ 1903. 

[Two hours' duration with 8-lnch forced draft, California oil, using Booth burner (Santa Fe Railway), 

under steam.] 



Time. 



11 a.m 

11.15 a.m. 
11.30 a.m. 
11.45 a. m . 

12 m 

12.15 p. m 
12.30 p. m, 
12.45 p. m 
1 p. m 

Average. . 



Draft pressure. 



e 



1.95 
1.95i 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 



Tube cham- 
ber. 



1. 95| 1 



1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



1.2 



0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 



.45 



—0.25 

— .25 

— .25 

— .25 

— .35 

— .45 

— .45 

— .45 

— .45 



— .35 



f 



I 



1 



i 






?5 

S5 



U>B. IJb9. IJbs. 

458 1 

456 ' 

456 

458 i 

' 456, 1, 348 12, 150J 879 
I 456 1 



1. 456. 



458' ' i 

456 1,4081 12,478 740 



.88 457 1,378 12,314 809 



One 3-inch burner in use. 
Pressure on oil system, 23 pounds. 
Total pounds oil burned, 2,756. 
Total pounds feed water, 24,628. 
Total pounds steam for burners, 1,619. 
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No. 53. — Test of oil fuel in a HohentUin water-tube marine boiler y April £S, 190S, 

[Three hoara' duration with S-inch forced draft, California oil, uaing Booth burner (Sante Fe Rail- 
way), under steam.] 



Time. 



11 a. m . - . 
11.15 a. m 
11.30 a. m 
11.45 a.m 

12 m 

12.15 p. m 
12.30 p. m 
12.45 p. m 
1 p. m . ^ . 

Average , 



2 



Lbs. 
265 
274 
264 

240 
264 
mi 
270 
2fi5 



2d4 



Calorimeter. 



T,. 



OF, I 
122! 
124J 
liM 
120' 
11*1; 
122 
120' 
120 
i20! 



OF. 


OK 


394 


296 


394 


296 


$m 


296 


31M 


2m 


3ft6 


2^ 


3SM 


-\M 


396 


'jm 


394 


2^*4 


392 


2t^ 



0.9820 1 
.9820J 1 
.9820; 1.25J 



.&e2o! 1 

.mot} ] 

.980R I 

.9800| 1.5 

.9806 1 

.9815 1 



Temperatures. 



Ingide. 



^F. 



75 



57J 



76| 



57i 



1^, 



.9812',._, 76 'i 571 



I 



Xi 
.2 



86 
86 
86 
86 
86 
86 
86 
8S 
86 



'I 



» 6 



*^l 

354-„,.. 
356l 7r& 
350,. „ 
356|„„ 

358! 800 
362:, _. 
360i--.- 



Lbt. 
91 
90 

eo 

90 
90 
90 
90 
90 
90 



86, 21 3561 T8h! 90 



Test starts at 11 a. m.; lighted fires at 7.05 a. m.; 275 pounds steam at 7.55 a. m.; 3-inch forced draft 
at 10 a. m. 
Weather, partly cloudy. 

Air openings into furnace, 8 ^ ] and 40 square Inches. 
One 2-inch burner in use. 
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No. 53. — Tut qfoUfud in a Hohenslein waier-ttihe marine boiler , April ^S, 190S. 

[Three hoars' duration with Much forced draft, California oil, using Booth burner (Sante Fe Rail- 
way), under steam.] 



Time. 



11a. in 

11.15 a.m. 
11.30 a.m. 
11.45 a.m. 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 
1 p. m 



""l 



Dm. 

20 

26 

26 

26 

26 

26 

26 

26 

26 



Average ..' 25.4 



Draft pressure. 



I 



E 



Tube 
chamber. 



I 



I 
I 



1.9 

1.95 

1.9 

1.95 

1.95 

1.95; 

1.95' 

1.95| 

1.95' 



1.95 1 

I 



12 



1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



Barometer at noon, 29.9 inches. 
Total pounds oil burned, 2,645. 
Total pounds feed water, 22,132. 
Total pounds steam for burner, 1,881. 



1.2 



10.4 
45 



-0.35 

- .45 

- .45 
-.45 

- .45 

- .45 

- .45 

- .45 
- .45 



U>g. 



456 
458 
456 
456 
456 
456 
456 
456 
456 



Lb». 



1.373 



11,243 



H 

|2 



& 



3 



u>». 



678 



1 .4 I- .44, 456 



1,275, 10,889 703 



1.323 



11,066 690 
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No. 64. — Test of oil fuel in a Hokenstein water-tube marine boiler^ April f-#, 190S, 

[Three hours' duration with S-inch forced draft, California oil, using Booth burner (Santa Fe Rail- 
way) , under steam.] 



Time. 



2 p. m... 
2.15 p.m. 
2.30 p. m. 
2.45 p. m. 

3 p. m . . . 
3.15 p. m. 
3.30 p. m. 
3.45 p. m- 

4 p. m . . . 
4.15 p. m. 
4.30 p. m. 
4.45 p. m. 
6 p. m . . . 

Average . 



2 



Lb9. 
262 
260 
264 
265 
268 
265 
268 
273 
268 
265 
268 
270 
270 



126 
120 
120 
124 
124 
118 
120 
124 
118 

un 

118 
116 
120 



Calorimeter. 



Temperature. 



°F. 
392 
396 
396 
400 
398 
4on 
400^ 
4O0 
400' 
398 
3ft8 
400 
400 



296 
296 
296 
296 
296 
2% 
296 

2m 

296 
296 
296; 
2(*6| 



Inside. 



Q. 



I 



°F. 



In». 

0.9830j 1 

.9812J 1.5, 

.9812 1.5i 85 

.9795' 1.5; 

.98051 1 ! 



.97^*5 1.51. 

.97^, 
.9795' 
.97S5 
.980.5 
.9805 
. V*7i»n 
. 9705 



1.5' 85 

1.5| 

1.5 

2.5 

1 

1.5 

2.5 



87 



I 



267 I20|. 



.98031. 

I 



85.7 



I 



o /'. o /*. 



62 



62 



62 



62 



96 
96 
97 
96 
96 
96 
96 
96 
96 
96 
96 
96 



e 

3 

Xi 

O I 

s I 

^ I 

QD I 

376 
376 
376 
374 
368| 
388i. 



96 



' F. 



855 



r 



368 840 

366 

362' 

372' 

378 

376 

382 



905 



374 867 



25 



CO 

IJbs. 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



90 



Test starts at 2 p. m.; lighted fires at 7 a. m.; boiler under steam during forenoon; forced draft at 1 
p. m.; 3-lnch forced draft at 1.30 p. m. 

Weather, clear. 

Air openings into furnace, 8 n and 3 O. 

Pass-over valves on burners were kept slightly cracked during first two hours, thus admitting steam 
into oil passages. This by direction of the representative of the Santa Fe. 
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No. 64. — Test of oHfud in a HoheruAein water-tube marine boiler y April ^4i 1903. 

[Three hours' duration with 8-inch forced draft, California oil, using Booth burner (Santa Fe Rail- 
way), under steam.] 



Time. 



2 p. m . - . 
2.15 p. m. 
2.30 p. m. 
2.45 p. m. 

3 p. m . . - 
3.15 p. m. 
3.30 p.m. 
3.45 p. m. 

4 p. m . . . 
4.15 p. m. 
4.30 p. m. 
4,45 p. m. 

5 p. m . . . 

Average . 



3 2.2 
3 2.2 



2.2 
2.2 
3 2. 2 
3 2.2 
3 2.2 
3 2.2 
3I 2.2 
3j 2.2 
3 2.2 
3; 2.2 
3' 2.2 



Draft pressure. 



1.2 

1.2 

1.2 

1.25 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 



3 2.2' 1.2 



Tube cham- 
ber. 



1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

1.3' 
1.3; 

:.3| 
1.3 

1.3 
1.3 
1.3 



1.3 



1.1 

1.15' 

1.15 

1.15 

1.15 

1.2 i 

1.2 I 

1.2 ' 

1.2 

1.2 

1.2 

1.2 

1.2 









0.45 
.45 

.45' 

.45 

.45 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 



1.17' .48 



-0.45 

- .45 

- .45! 1 

I 

- .45.... 

- -H 

- .45' 

- .45! 

I 

- .45 

- •'■'! 

- .45' 

-.45! 

-.45 

- .45 



.45 



c: 



o 



E 

3 



Lbs. Lbs. 



si 



Lbs. 



458.... 
45«.... 
456.... 

458 ' I 

458 1,514' 13,405 1,045 



I 





458 


n 


460 




458' 


.. 


458' 


.. 


456' 


i 


456' 

..J 



I 



1,396' 11.420 775 



456 1 

458' 1,837| 15,938l 882 



457 1,582 13,588 901 



Three burners in use. Righ^hand burner not under full action; apparently clogged. 
Barometer at noon, 80.(^ inches. 
Total pounds oil burned, 4,747. 
Total pounds feed water, 40,763. 
Total pounds steam for burners, 2,702. 
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No. 56. — Test of oUfud in a Hoheruiem water-tube marine boiler, April jf7, 190S. 
[Four houn* duration with natural draft, using Macdonald burner, under iteam.] 



Ttme, 



12.30 p.m. 
12.46 p.m. 

1 p. m ..^. 
1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m..; 
2.30 p.m.. 
2.45 p.m.. I 

3 p. m I 

3.15 p.m.. 
3.30p.m..j 
3.45 p.m.. 

4 p. m 

4.15 p. m.. 
4.30 p.m.. 

Average .. 



Lbs. 
265 
262 
265 
268 
265 
264 
262 
270 
270 
268 
260 
265 
263 
265 
265 
265 
265 



265 



I 



122 
110 
120 
120 
118 
124 
124 
120 
118 
118 
122 
120 
120 
120 
120 
120 
118 



OalOritaeter, 



302 0.9840 



Temperature. 



IM. 



400 

400 

400' 

I 

400 

406* 

402 

I 



306 
308 
308' 
308 
308* 
306 
404 308 
402 308 
308 
308 
308 
308 
308 
308 
308 



I 



406 
406 
406 
406 
406 
404 
406 
406 



119.6. 



. 9855 
.9870 
.9870 
.9870 
.9843 
.9850 
.9852 
.9860^ 
.9843 
.9843[ 
.9843 
. 9843 
.9843 
.9852' 
.9843 
.9843 







1 




1 85.5 


66.5 



88,. 
88. 

9o' 160 

I 



92.0 69.0 

I 1 



.9860. 



91.0 65.0 



91.5 70.0 



92|. 

92:. 

I 

92. 

94' 

94 

94 

94 

94 

94 

95 

95 

96 

97 

97 



90 67. 6 93 



160 



160 



160 



160 



322 

320 
320. 
322! 

322J 
324! 
322 
326 
326| 
326 
328 
326' 
326' 
326 
328 
328 
328* 



325 



M 

I 

O 



i ! 



°F. 



620 



550 



560 



555 



571 



Test starts at 12. w p. m.; lighted flree at 7 a. m.; 275 pounds steam at 7.50 a. m. 
The test was delayed in starting by the clogging of all the burners at about 11 a. m., necessitating 
their withdrawal. 
Weather clear. 
Air openings to furnace, S D and 8 Q. 



OIL TESTS. 



218 



No. 56. — Teil of oil fuel in a ffokenstein wcUer-tiibe marine boiler ^ April fHy 190S, 
[Four hours' duration with natural draft, using Macdonald burner, under steam.] 



Time. 



12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3,15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

4.15 p.m..! 
4.30 p.m.. I 

Average .-| 






Lbt. Lbs, 

90, 40 

90' 40 

90] 40 

901 40 

9o] 40 

90 40 



90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



90 



40 
40 
40 
40 
40 
40, 
40 
40 
40 
40 
40 



Draft pressure. 






0.14 
.13 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.15 
.14 
.14 
.15 
.14 
.14 
.14 



40 .14 



Tube eham- 



0.24 
.27 
.27 
.27 



0.23 
.24 
.24 
.24 



.27 .24 



I 



I 



.27 
.27 
.27 
.27 



.24 
.24 
.24 
.24 
.24 
. 27 . 24 
. 27 . 24 



.2' 
.27 
.27 
.27 
.27 



.27 



.24 
.24 
.24 
.24 
.24 



.24 



0.24 

.27 
.2' 
.27 

.27 
.27 

.27 
.27, 
.27 
.27 
.27, 
.27 
.27 

■''\ 

.27 
.27 
.27 



0.33 
.37 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.37 
.37 
.37 
.37 
.37 
.37 
.37 



0.40 
.45 
.45 
.45 
.40.... 
.45 
.45 
.45 
.45.... 



.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 



.27 .363 .45 



■s 

E 



o 



Lbs. 



891 



IJ}S. 



Si 



•a o 

h 

5i 



Lbs. 



10,229 



1,264 



875, 9,723 



1,057 



n 



858 



9,694 



959 



821 9, 590 960 



861 9,809 1,060 



Toward end of test burners clogged considerably. 
Total pounds oil burned, 8,445. 
Total pounds feed water, 89,236. 
Total pounds steam for burners, 4,240. 
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No. 56. — Tegt of oU fuel in a Hofienstein waier-tube marine boiler^ May 4, 1903. 
[Four hours' duration with natural draft, California oil, using Oil City burner, under steam.] 





Steam pressure by gauge. 


1 
1 

1 


Calorimeter. 


1 

1 


Temperature. 




T,. 


T,. 


Q. 


Inside. 


c 

< 

°F. 
82 
88 
88 
86 
86 
90 
88 
90 
88 
90 
86 
86 
88 
88 
90 
86 
86 


1 
1 

<'F. 


160 





160 

;;;; 

160 


160 




. 1 


Time. 






Steam or air for bum 
Gases at base of siacl 


11.15 a.m. 


270 
265 
260 
267 
270 
260 
270 
265 
270 
268 
270 
268 
270 
268 
267 
263 
270 


110 

no! 

112 
120i 
124 
120 
120 
120 
12o' 
120j 
120, 
1201 
120, 
120, 
120 
120| 
120, 


op 

404 
404 
406 
406 
406 
404 
404 
406 
406^ 
406 
406 
404 
406 
404 
406 
406 
406 


°F. 

306 
306 
306 
306 
306 
306 
306 
306 
306 
306 
309 
304 
306 
306 
306 
306 
306 


0.9840 


7m. 
1.75 


^F. 


op 


o J5» o ^^ 

328 


11.30 a.m. 


.9840 2 
.98301 2 
.983o' 1.75 






332 


11.45 a.m. 
12m 


83 


66 


332' 575 
332 


12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p. m.. 
2.45 p.m.. 

3 p. m 

3.15 p. m.. 


.9830 
.9840 


2.25 
2.75 






328 

328' 


.9840 
.9830 
.9830 
.9830 
.9830 
.9828 
.9830 
.9840 
.9830 
.9830 
.9830 


2.75 

2.25 

2.5 

1.75 

1.75 

1.5 

1.75 

1.5 

1.5 

1.5 

1.75 


83J 


65 
..... 


328 560 

328' 

3301 


"sa" 


68 


332' 

332 580 
330 






334I 






1 
338 


85} 


69i 


336| 600 
336 






1 
336' 









Average .. 


267 


1 






.9834 




84 


67 


88 


160 


332 579 









Test starts at 12.15 p. m.; lighted fires at 6 a. m.: 275 pounds steam at 7.10 a. m. 

The test was delayed by trouble in heating the oil. 

Weather, clear. 

Air openings into furnace, 3 o and 100 square inches. 
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No. 66. — Test of oil fuel in a Hohenstein water-tube marine boiler , May 4, J 903, 
[Four hours' duration with natural draft, California oil, using Oil City burner, under steam.] 



Time. 



6 « 
p 



11.15 a.m. 
11.30 a. m. 
11.45 a. m. 

12 m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m . . . . 
3.15 p.m.. 

Average .. 



Lbs. 
91 
90 
90 
90 
90, 



90 
90' 
90 
90 
90 
90 
90 

90 

I 
90 

90 

90 

90 



90 



Draft pressure. 



e 



Us. 1 

40J 
40 
40 
40 

40 

H 

40, 

40 
40| 
40' 
40i 
40 
40 
40 
40 
40 



40 



0.16 
.16 
.16 

.15; 

.15| 

.16 
.16 
.15 
.15 
.15 
.16 
.16 
.16j 
.15 
.15 






.16 



S 



Tube cham- 
ber. 



I i 






0.2 
.27 
.27 
.2 
.27 
.27 
.29 
.29 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 



.27 



0. 24' 0. 27 
. 241 . 27 
.25' .27 
.25| .27 
.25' .27 
.25 . 27i 
. 26 . 28 
.26 .28 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 



.25 



.27 



36 .46 



K 
% 



6 


:3 


c 


.0 


Fi 


:;; 


cc 






& 



Lbs. Lbs. 



li 



Ijbs. 



855 9,616 704 



.... 794 



.94 



866 



765 



820 



9, 089 760 



9, 365 732 



8,525 



9,149 



730 



731 



Six burners in use. 
Total pounds oil burned, 8,280. 
Total pounds feed water, 36,&95. 
Total pounds steam for burners, 2,926. 
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No. 57. — Test of oil fuel in a Hohenstein wtUer-tube marine boiler , May 5, 190S, 
[Six hours duration with natural draft, using Oil City burner, under steam.] 



Time. 






2 

5 

a 



Calorimeter. 



Ti. 



10 a. m . . . 
10.15 a. m. 
10.30 a. m. 
10.45 a. in. 

11 a. m ... 
11.15 a. m. 
11.30 a. m. 
11.45 a. m. 

12m 

12.15 p. m. 
12.30 p. m. 
12.45 p.m. 

1 p. m . . . . 
1.15 p. m.. 
1.30 p. m.. 
1.45 p.m..; 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p. m.- 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

Average .. 



Lb9. 

270' 
260j 
270 
270 
265 
268 
265 
266 
265 
268 
265 
270 
270 
265 
270 
268 
273 
270 
268 
265 
265 
265 
273 
266 
268 



267 



120 
110 
122 
120 
120 
118 
120 
120 
122 
120 
120 
120 
120 
122 
120 
120j 
120, 
124 
120] 

120; 

120 
120 
120 
120 

118j 



404 
404 
404 
406 
404 
406 
406 
404 
404 
404 
406{ 
406 
406| 
404 
404 
404 
4041 
406j 
406 
404 
404 
404| 
404 
404 
404| 



304 
304 
306 
306 
304 
306 
306 
306 
306 
306 
306 
306 
306 
304 
304| 
302 
304 
306 
306j 
304' 
304 
304 
304 
304 
304 



0.9828 
.9828 
.9840 
.9830 



.9830 




.9830 




.9828 




.9828 




.9828 




.9828 




.9828 





.9828 1 



120' 



I 



Temperature. 



Inside. 






85 



.9830 

.9830 

.9840 

.9840 

.9840 

.9830 

.9830 

.9830 

.9828 

.9828 

. 9815 1. 5 . 

.9828 I.5I. 



Ins. 

1 

1.5 

I 

1.5 

1 

1 

1 

1 

1 

1.5 

1.5 

1.5 

I 
1.5 

'■^ 

1.5 

1.5' 91 



84i 66^ 



I 



m\ 68 

...J 



70 



89 I 



87 



70 



82' 
88 

»! 

86; 

( 
86 

86 

92I 



86 
90 
90 
90 
90 
88 
90 
92 
90 
90 
90 
88 
88 
89 
88 



88 



5 



e 



°F. 
334. 



I 



I i 

336 640' 

338 

338 1 

338J j 

342' 5901 

344 ! 

344I 

344 

340 600 

340' 

340 

340 

342 580 

344; 

342 

344 

tui 600 

340 

340 

340'. 

340 

340 

340 



590 



340 600 



90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



Test starts at 11 a. m. 

Boiler contained 6 eallons of Emerald oil overnight. 

Blown out and refilled in morning. 

Weather, clear. 

Air openings into furnace — 3 lj and 100 square Inchea 

Six bumen in use. 
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No. 57. — Test of oUJuel in a Hohengtein waier-ivbe marine boiler^ May 6, 1903. 
[Six hours duration with natural draft, wAng Oil City burner, under steam.] 





Draft preaeure. 


Flue ^ta&iL 


i 
i 


1 

i 


Is 




J 


1 
1 

1 


Tube cham- 
ber. 


1 
J 

9 C 
< 


1 


CO,. 


0. 


CO. 


li 


Time. 


*i 




H 


10 a. m ... 


0.16 
.17 
.17 
.17 
.17 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 


0.27 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.26 
.26 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 


0.24 
.25 
.25 
.25 
.25 
.25 
• .25 
.25 
.25 
.25 
.25 


0.27 

.28 
.28 
.28 
.28 
.28 


0.36 
.37 
.37 
.37 
.37 
..^7 


0.47 
.46 

.46 
.46 
.46 
.45 
.45 
46 


P,ct. 


P,ct. 


P.ct. 


Lbs. 


Lbs. 


u.. 


10.15 a. m. 














10.30 a. m. 














10.45 a. m. 




' 










11 a. m ... 








850 


9,482 


810 


11.15 a. m. 










11.30 a. m. 


. 28 . 37 


6.4 


10.8 











11.45 a. m. 


.28 
.28 
.28 
.28 


.37 
.37 
.37 
.37 
.37 
.37 
.35 
.35 
.35 
.35 








12m 








864 


9,787 


776 


12.15 p. m. 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p. m.- 
3.30 p.m.. 
3.45 p. m.. 

4 p. m 




















.25 - 28 


! 










.25 
.24 
.24 
.24 
.25 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 


.28 
.26 
.26 
.26 
.26 
.26 


1 

1 

1 




900 


10,034 


815 


7 


11 


.4 
























861 


9,891 


791 


.26, .35 
. 26 . 35 
.26 .35 
.26 .35 
.26 .35 
.26 .35 
.26 .35 


. 




, 






46 














.46 
.46 
.46 
.46 
.46 









818 


9,359 


765 

































838 


9,711 


780 


Average .. 


.16 


.27 


.245 


.27 .36 


.461 6.7J 10.9 

i 1 


.2 


855 


9,711 


790 



Temperature of oil in weigh tank, 160° F. 
Pressure on oil system, 21 pounds. 
Total pounds oil burned, 5,181. 
Total pounds feed water, 58,264. 
Total pounds steam for burners, 4,737. 
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No. 68. — Test of oU fuel in a Hohemtein water-tube marine boiler ^ May 6, 190S. 
[Five hours' duration with l-inch forced draft, using Oil City burner, under steam.] 



Time, 



11 a.m 

11.15 a. m . 
11.30 a.m. 
11.45 a. m . 

12m 

12.15p.m. 
12.30 p.m. 
12.45 p.m. 

1 p.m 

1.15 p. m..' 
1.30 p.m.. 
1.45 p. m.- 

2 p.m 

2.15 p.m.. 
2.30 p.m.. 

2.45 p.m.. 

3p.m I 

3.15 p.m..' 
3.30 p.m.. 

3.46 p.m. J 
4p.m-.. 

Average 






s 

2 



lb9. 

270J 
265' 
275' 
27o| 
275 
270* 
270 
273 
274 
270 
270! 
268' 
270[ 
260 
27o! 
265 
268 
268i 

272 
270 



269 



118 
120 
120 
120 
120 
120 
120 
118 
120 
120 
120 
120 
120' 
120 
120' 
120' 
118 
120 

m> 

120] 

m 



Calorimeter. 



I 



Ti 



I 



400 
402 
402 
402 
400 
402 
402 
402 
402 
400 
.400 
400| 
400 
400 
402 
400 
400 
400 
402 
402 
402 



"" F. I 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300' 
300| 
300 
300J 
300' 
300' 
30o| 
300! 

m> 

300 



120. 



0.9820 
. 9815* 
. 9815' 
. 9815 
.9820 
.9815 
.9815 
.9815 
.9815 
.9820 
.9820 
.9820 
.9820 
.9820 
. 9815 
.9820' 
. 9820J 
.982o! 
. 9815- 
.9816 
. fiftis! 



Temperature. 



S 



08 

o 



,9817. 



o/l 



94 



95 



Ins. 
1.25 
1 
1 

1.25 
1.25 
1 
1 

1.2.) 
1.5 
1.25 
1.25 
1.25 
1.25 
1 

1. 25 
1 

1.25 
1. 25J 
L25. m 
I 
L25 



Inside. 



a 



t 
^ 





^ 




a> 




g 




s 




.0 1 




*- 


g 


^ ' 


g 


u 

'flS 


t 


hi 


c 





C 


6 



70 



69 



98 



70 



98J 70 



97 



96 

98 

98| 

108 

loe' 

108 
108 
108 
110 
110 
110 
110 
111 
111 
110 

no; 

112 

i 
112 

112 

111 

112 



° F. 

370 
370 
372| 
374 
370 
370 
374 
372 
374 
370 
370 
378 
380 
378 
378 
376 
378 
376 
374 
3S0 

sac 



' F. 



795 



800 



795 



780 



c 

s 



790 



108| 376 



792 



IM. 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
fK> 
90 
90 



90 



Test starts at 11 a. m.; lighted fires at 7 a. m.; 275 pounds steam at 8.15 a. m.; 1-inch forced draft at 
10 a. m. 
Weather, clear. Barometer at noon, 30.16 inches. 
Six Oil City Boiler Works burners at A inch opening. 
Air openings into furnace, S D and 100 square inchesw 
Temperature of oil in weigh tank, 160° F. 
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No. 58. — Test of oil fuel in a HoJienstein tDaier-tube marine boiler ^ May 6, 190S. 
[Five hours' duration with 1-inch forced drait, using Oil City burner, under steam.] 





Draft pressure. 


Fluegaaes. 


1 

d 



I 

1 




I 


S 

en 




s. 


Tube cham- 
ber. 


1 

< 




COt 


0. 


CXJ. 


Time. 


1^ 




11 a. m 


0.6 
.6 
.6 
.7 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 
.6 


0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

•=» 

.30 
.30 
.30 
.30 


0.25 
.25 
.25 


—0-05 


—0,1 


P.Ct. 


K<*. 


P.^. 


279 
278 
285 
286 
290 
290 
288 
289 


Lb9, Lbn. 


Lbs. 


11.15 a. m . 












1 




11.30 a. m . 










11.45 a. m . 


.25— .06 — 








1 


12 m 


.25— .05 
.25— .05 
.25— .05 
.25I- .ft5 
.25— .05 
. 25 — . 05 
. 25'— . 05 
. 25 — . 05 
. 25 — . 05 
. 25— . 05 
. 25'— . 05 
. 25 — . m 
. 25'— . m 

.25— .05 
.25I— .05 
.25'— .05 


_ 








1, 362 14. 180 


776 


12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p.m 














6.2 


12. a 


4 


















' 


290 
289 


1,46415,425 


815 


1 


288 
289 


^ 












i 1 


289 
288 
288 
288 
289 
289 
289 
288 
289 


1,443 


15,256 


755 


8.2' 10 .2 
















1,41315.389 


715 












1 
















. 


.25 


1 








1,432 


15.353 


740 














Average .. 


.6 


.30 


.25 


— .05 


— 




7.2 


11.4 


. 3' 287 

1 


1,42315,121 


760 



Pressure on oil system, 45 pounds. 

Draft pressure in fireroom. 1 inch. 

Draft pressure in combustion chamber, 0.25 inch. 

Total pounds oil burned, 7,114. 

Total pounds feed water, 75,603. 

Total pounds steam for burners, 3,801. 

32196—04 15 
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No. 69.— Tert ofoUfMd in a HohentUin water-tube marine bailer^ May 7, 190S. 
[Four boon' ddratton with 2-lnch forced draft, using Oil City burner, under iteam.] 



Time. 



11a. m 

11.15 a.m. 
11.30 a.m. 

11.45 a. m . 
12 m 

12.16 p.m. 
12.30 p.m. 

12.46 p.m. 

1 p. m . . . . 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.16 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m . . . . 

Average .. 



Lb$. 
268 
270 
270 
272 
270 
276 
265 
270 
270 
266 
265 
266 
270 
270 
268 
270 
265 



114 
130 
120 
120 
120 
120 
120 
122 
122 
120 
118 
120 
120 
120 



Calorimeter. 



Ti. 



T,. 



o JP 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 



118, 400 
118 400 
116 400 



119 



O jp 

298 
300 
300 
298 
300 
298 
298 
300 
298 
298 
298 
298 
298 
298 
298 
298 






I 

I 

I Int. 
0.9810| 2 
.9820 1 
.9820 
.9910 
.9820 
.9810 
.9810 
.9820 
.9810 
. 9S10 
.9810 
.9810 
.9810 
.9810 
.9810 
.9810 



Temperature. 



Inside. 






>/*. , T. 



1 

2 

2.75 

2 

2 ; 

1.75' 

» ! 

1.75 
2.25 
1 

2.25 
2 
2 

1.75 
9810, 2.76 



99| 76 



100 72 



104 



.9814. 

I 



102 



101 



72 



72 



73 



.o 



108 
110 
110 
110 
112 
112 
112 
112 
112 

iiol 

112 

112 

I 
112 

112 

112 

114 

114 



111 



410 
404 
4021 
400 
400 
402 
404 
390 
380 
378 
386 
392 
400 
400 
394 
396 
400 



940 



910 



930 



940 



396 930 



iS 



s-o 

i^ 



Lbt, 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
•90 



90 



Weatber, clear. 

Barometer at noon, 80 incbes. 

Test started at 11 a. m.; llgbted fires 7 a. m.; 275 pounds of steam at 7.65 a. m.; 2-iuch forced draft at 
10 a. m. 

Six Oil City Boiler Works steam burners of A*incb opening. 

Air openings into furnace, 8 Q and 6 Q (11 to 12), 8 D uid 160 square incbes (12 to 1.80), 8 Q and 
6 (1.90 to 8). 
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No. 59. — Test of oU fuel in a Hoherutein wcUer-tube marine haUer, May 7, 190S. 
[Four houn' duration with 2-inch foiced draft, using Oil City burner, under steam.] 



Time. 



11a.m.. 
11.15 a.m. 
11.30 a. m 
11.45 a. m 

12m 

12.15 p. m 
12.30 p.m. 
12.45 p. m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

Average .. 



Lb9, 

450.17 



45 
45 
45 
45 
45 
45 
45 
50 
50 
50 
50 
50 
70 
70 
70 



52 



.17 
.17 
.17 
.17 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
/16 
.16 
.16 



70 .16 



Draft pressure. 



.163 



I 



0.9 
.9 
.9 
.9 
.9 
.8 
.8 
.85 
.85 
.85 
.85 
.86 
.85 
.85 
.85 
.85 
.85 



.86 



Tube 
chamber. 



0.9 < 0, 
.9 I .25 
.9 I .25 
.9 i .25 



25—0. 



.9 ' 

.85 
.85 
.85 
.85 
7 

.8 I 
.8 
.8 
.8 
.8 
.85 
.8 



.84 



.25 
.25 
.26 
.25 
.25 
.15 
.25 
.25 
.25 
.25 
.25 
.25 



.24 



— .44 



li 



IJ 



IJ 



I 



386 
395 
392 
392 
388 
379 
379 
385 
386 
380 
386 
388 
388 
386 
388 
388 
388 



387 






Lb8. Lba. 



1,865 



19,324 



1,712 18,044 



1,674 16,128 



I 



1,9211 21,795 



1,793 18,823 921 



t\ 



Lbi. 



808 



800 



931 



1,146 



Temperature of oil In weight tank, 16(F F. 
Draft pressure in fireroom, 2 inches. 
Total pounds oil burned, 7,172. 
Total pounds feed water. 75,291. 
Total pounds steam for burners, 8,686. 
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No. 60. — Test of oil fuel in a Hohengtein tocUer-tube marine boiler ^ May 8, 1903, 
[Three hours' duration with S-lnch forced draft, uaing Oil City burner, under steam.] 



Tlm«, 



1 1 a. ni - . , 

11.30 a. m 
11.45 a. in 

12111 

12.15 p. til 

12*45 p* III 

1 p, m . . _ 

hL^]l, TM, 

l:^p. m. 
1.45 p. m. 

2 p. rii .., 

Average _ 



2(i5 
27U 

•270 
272 
274 

270^ 
270] 
2(iH 
£72 
270 
268 



2m 



i 



112 
II2I 
114' 
lltS 
120 
118 
116 
116 
120 

1.2 

1,21 

116 

us' 



Calorisi«tGf. 



T,. 



sm 

398 
3U8 
3tt8 
308 
398 
3V*h' 

:111s 

3WK 
398 



II61. 



296 
294 
294 
296 
294 
2^ 
292 
294 
294 
294 
294 
294 
294 



0.9805 
.9796 
.9796 

.9806 
.9795 
.9795' 
.9780 
.97a'5 
.9795 
.9795 
.9796 
,9795 
.9795 



In*. 
2.5 

1 I 

1 
1 

3 

I 

1.6: 
2.6. 

2.5! 
2 

2.6 
2.6 



Temperature. 



UuOde. 



e 

.0 



*K 






'F. I o/l 



9q' 69' 



93 69 



93 



68 



110 

110 

no 

112 
112 
112 
112 
114 
114 
114 
114 
114 



114 



92 69 112 



°F. 



' F. 



408 

408 

408 1,070 

408 

410 

406 

424 

414 

414 

414 

416 1,060 

406* 

404 



1,030 



411, 1,053 



Barometer at noon. 30.17 inches. 

Lighted fires, 7 a. m.; 275 pounds steam 8.05 a. m.; S-inch forced draft; test started, 11 a. m. 

Weather, clear. 

Air into furnace, 8 □ + 6 



is 

m6 



JJb9. 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 



90 



Temperature of oil in weigh tank, 160° F. 



rh'u 



OIL TESTS. 



223 



No. 60. — Test of oil fuel in a Ilohen^tem wcUer-tube marine boiler, May 8, 1903, 
[Three hourti' duration with 3-inch forced draft, using Oil City burner, under steam.] 



Time. 



I 



lla.m....[ 
11.15 a. m 
11.30 a. m 
11.45a. m.' 

12 m I 

12.15 p.m.; 
12.30 p.m.' 
12.45 p.m. I 

1 p. m I 

1.15 p. m-.i 
1.30 p.m..' 
1.45 p. m.. 

2 p. m I 

Average .. 



U)8, ; 

70 
73 
70 
70 
75 
73 
60 
60 
75 
70 
75 
75 
75 



2.4 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 



71 2.5 



Draft pressure. 



. . Tube cham- 
u ber. 



I 






1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4' 

1.4' 

1.4' 

1.4j 
1.4 
1.4 



1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



1.4, 1.5 



1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



1.4 



0.5-0.5 



.5- 

.5- 

.5- 

.5 

.5 

.5- 

.5- 

.5!- 

.5 — 

.6'- 



- .4 



li 



St 

o 



? 



1.8 



461 
458 
457 
456 
458 
458 
458 
458 
458 
459 
460 
458 
458 



458 



I 






Lbs. 



2,432 



2,470 



2,457 



2,453 



u 



23, 832 



S . 



2^ 

H 



LbB. Lbs, 



24,282 909 



23, 784 970 



990 



23,966, 956 



Draft pressure in flreroom, 3 inches. 
Total pounds oil burned, 7,369. 
Total pounds feed water, 71,898. 
Total pounds steam for burners, 2,869. 
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No. 61. — Tett of oUfuel in a Hohenstein waier-tabe mariiu bailer y May £t, 190S, 
[Six hours' duration with natural draft, using Oil City burner (Fltton no»le), under iteam.] 





^ 

^ 

fr 


i 
1 

1 


C*lorlmeter. 


1 


Temperature. 




1i. 


T,. 


Q. 


In«ide. 


1 

a 

< 


i 


u 

•5 


1 


Time. 


1 


i 


1 

1 


10 a. m . . . 


Xb8. 
265 
268 
270 
270 
267 
268 
269 
268 
270 
270 
270 
268 
270 
270 
270 
270 
270 
270 
272 
270 
270 
268 
269 
270 
270 


° F. 
124 
120 
110 
112 
118 
120 
120 
120 
120 
120 
118 
120 
120 
120 
120 
123 
120 
122 
120 
120 
124 
122 
124 
120 
120 


OR 
398 
398 
398 
398 
398 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
402 
402 
402 
402 
402 
402 


OF. 
300 
300 
300 
300 
300 
302 
302 
302 
302 
302 
302 
302 
302 
302 
302 

:^2 

302 
302 
302 
300 
302 
302 
302 
302 
302 


0.9828 
.9828 
.9828 
.9828 
.9828 
.9815 
.9815 
.9815 
.9815 
.9815 
.9815 
.9815 
.9815 
. 9815 
.9815 
.9815 
.9815 
.9815 
.9815 
.9815 
.9825 
.9825 
.9825 
.9825 
.9825 


Tm. 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.75 

1.5 

1.75 

1.5 

1.75 

2 

1.75 

1.75 

L75 

1.5 

1.75 

1.75 

1.75 


Of, 


OF. 


op 

114 
116 
116 
110 
110 
110 
112 
112 
114 
116 
116 
114 
116 
118 
118 
118 
118 
118 
118 
118 
120 
120 
122 
120 
120 


°F. 
160 

160 

160 
160 
160 
160 


op 

312 
322 
320 
324 
330 
332 
342 
342 
348 
346 
348 
340 
346 
344 
342 
344 
M2 
342 
344 
340 
350 
360 
370 
376 
374 


OF. 


10.15 a. m. 








10.30 a.m. 
10.45 a. m . 


82 


101 


590 


11 a. m . . . 








11.15 a.m. 








11.30 a.m. 
11.45 a. m, 


83 


105 


600 


12m 








12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.- 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 








83 


108 


590 






1 




.s 


113 


595 










86 


112 


600 




..... 










84 


112 


615 












Average .. 


269 


120 






.9824 




83 


108 


116 


160 


343 


598 









Barometer, 29.94 inches at noon. 

Test start at 10 a. m.; lighted fires at 7.60 a. m.; 275 pounds steam at 8.80 a. m. 

Weather, partly cloudy. 

Air openings into furnace, 8 Q and 6 0. 
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No. 61. — Test of oil fuel in a Hohenstein water-tube marine boiler, May SSy 190S, 
[Six hours' duration with natural draft, using Oil City burner (Fitton nossle), under steam.] 



Time. 



II 



10 a. m . . . 
10.15 a.m. 
10.30 a.m. 
10.45 a.m. 

11 a. m ... 
11.15 a.m. 
11.30 a. m. I 
11.45 a. m.l 

12m 

12.15 p.m. 
12.30 p. m.l 
12.45 p. m I 

1 p. m . . . 
1.15 p.m. 
1.30 p.m..! 
1.45 p.m.-! 

2 p. m I 

2.15 p.m.. 
2.3ap.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 



Average .. 



Lbs. 
i\2 

m 
m 

60 

m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 

60 
60 
60 
60 
60 
60 



60 



Lbs. 
100 
120 
110 
110 
100 

lool 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
105 
105 
105 
105 
105 
105 
105 



Draft pressure. 



103 



0.2 
.2 
.2 
.2 
.19 
.19 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 



Tube cham- 
ber. 



0.19 
.18 
.17 
.18 
.19 
.19 
•19 
.19 
.19 
.19 
.19 
.19 

.19 

I 

.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 

A 

.19 



.19 



0.21 
.21 
.2 
.21 
.21 
.21 
.21 
.21 
.21 
•21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 



.21 



0.31 
.32 

.31 
.31 
.31 
.31 
.31 
.31 
.3l! 
.31 
.31' 
.3l' 
.31 
.311 

.3l' 

I 
.31 

.31' 

.3l| 

.31 

.31 

.31 

.31 

.31 

.31 

.31 



.31 



li 



I 



1,052 



li 



-0.42 

.43 
.41 
.43 
.42 
.42 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 

.43, 936 

.431 

.43' 2 I 

.43! 

.43 957 



Lb9. 




5 . 

^1 



1,005 



1 



951 



i 



. 43; 1. 5! 983 



11,346 



10, 794 



10,969 



11,464 



Total pounds 
Total pounds 
Total pounds 



oil burned, 5,898. 
feed water, 68,785. 
steam for burners, 4,883. 



Lba. 




12, 327| 875 



I 



997 11,523 793 



11,826 847 



844 



815 



659 



805 
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No. 62. — Test of oil fuel in a Hohenstein teater-tube marine boiler y May 26 ^ 190S. 
[Five hours' duration with 1-lnch forced draft, using Oil City burner (Fitton nozzle), under steam.] 



Time. 



10.30 a.m. 
10.45 a.m. 
11 a. m ... 
11.15 a.m. 
11.30 a.m. 
11.45 a. m. 

12m 

12.15 p.m. 
12.30 p. m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30p. m-- 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.- 
2.45 p.m.. 

3 p. m ,.-- 

3.16 p.m.. 
3.30 p.m.. 

Average .. 



9 
& 



Lb8. I 
265, 
265 
26 
268 
270 
270 
264 
270 

275 

I 
270 

275 

274 

274 

270 

270 

275 

272 

270 

268 

270 

275 



270 



118 
122 
120 
118 
120 
120 
118 
124 
120 
122 
120 
118 
118 
120 
122 
120 
122 
120 
120 
120 
120 



120 



Calorimeter. 



Ti. 



T,. 



400 
400' 
400j 
400 
400 
400 
400 
402 
400| 
400| 
400' 
402 
402 
402 
402j 
402 
402 
400 
402 
402 
402 



°F. 
302 
300 
300 
296 
296 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 



.9832 
.9820 
.9820 

.9797J 
.9797 
.9785 
.9785J 
. 9778 
.9785 
.9785 
.9785 
.9778 
.9778 
.9778 
.9778 
.9778 
.9778 
.9785 
.9778 
.9778 
.9778 



.9789 



be 

& 



Temperature. 



Inside. 



I 



7tw. 
1 ... 

1 ... 
1 I 69 
1.5 

1 I 



1 

1 
1 
1 

1 

^ I 

1 ; 

1 

1 I 

1 , 

1.5' 

1 

2 

2 

1.5 

1.5 



70 



84 



87J 



72' 89 

I 



72' 90 



72 



71 



91 



° F. 
99 
99] 
99 
99I 

100; 



100 
100 
100 
100' 
102 
102 
102| 
104* 
104 
104 
104 
104 
104 
104 
104 
104 



86 102 



°F. 
378 






I 



§5 



'/'. 



775 



40 



394 
378 
368 
360 
368 
36' 
372 
378 
380' 745 

378 

376 

378' 



380 750 

370... 

366... 

372... 

368 720 

384... 

380... 



375; 746 



60 
60 
60 
60 
60 
60 
60 
60 
62 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 



60 



Barometer at noon, 80.25 inches. 

Test starts at 10:30 a. m.; lighted flres at 7 a. m.; 1-lnch forced draft, 9 a. "m. 

Weather, overcast or misty. 

Air openings into furnace, 3 n and 6 0. 

Carbon was deposited on walls in front of two burners. 

Temperature 0! oil In weigh tank, 160° F. 
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No. 62. — Test of oil fuel in a Hohenstein toater-tuhe marine boiler. May £5, 190S. 
[Five hours* duration with l-inch forced draft, using Oil City burner (Fitton nozzle), under steam.] 





i 
§ 
i 


Draft pressure. 


Flue gases. 


1 

1 


1 


• 
Feed water per hour. 


1. 




Tube cham- 
ber. 


1 

1 

1 




CO,. 


0. 


CO. 


11 


Time. 


*i 


1 


is 

CO 


10.30 a. m. 


JM. 
120 
120 
120 
120 
125 
120 
125 
125 
120 
120 
140 
130 
130 
130 
130 
130 
135 
135 
135 
140 
140 


0.4 


0.3 
.3 
.3 
.3 
.3 
.35 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


-0 


1 -0. 5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 
1- .5 

.1- .5 
1- .5 

.1- .5 


P. a. 


P.Ct. 


P.Ct. 


285 
287 
287 
286 
287 
287 
286 


IJbs. 


U>9. 


X6«. 


10.45 a. m. 










11a. m ... 












11.15 a.m. 








1 




11.30 a.m. 








1,610 


16,291 


815 


11.45 a.m. 










12 m 


6.0 


13 


0.4 








12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p.m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.- 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 




287 
287 
287 














1,550 


16, 241 


839 
















286 

287 
287 


























1,707 


17,674 


916 








287 




6.8 


12 





287 
287 
287 
287 
287 
287 
286 




















1,607 


17, 107 


797 






























^ 










1,661 


17,616 


952 










Average .. 


128 




.3 


- 


.1- .5 


6.4 


12.5 


.2 287 

1 


1,627 


16,986 


864 



Draft pressure in fire room, 1 inch. 

Draft pressure in furnace, 0.8 inch. 

Draft pressure in combustion chamber, 0.8 inch. 

Total pounds oil burned, 8,186. 

Total pounds feed water, 84,929. 

Total pounds steam for burner, 4,819. 
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No. 63. — Te9l of oil fuel in a HohenUein water-tube marine boiler, May t6, 190S. 
[Five houn' duration with 2-inch forced draft, uMing Oil City burner (Fitton nonle), under ■team.] 



Time. 



10 a. m .. 
10.16 a. m 
10.30 a. m 
10.46 a. m 

11 a. m - . 
11.16 a. m 
11.30 a. m 
11.46 a. m 

12 m 

12.16 p. m 
12.30 p. m 
12.46 p. m 

1 p. m ... 
1.16 p. m. 
1.30 p.m. 

1.45 p. m. 

2 p. m ... 
2.16 p.m. 
2.30 p. m. 

2.46 p.m. 

3 p. m ... 

Average . 



Lb8. 
274 
270 
271 
26 
271 
270 
270 
270 
268 
272 
274 
273 
275 
273 
274 
276 
275 
275' 
273| 
275 
276 



120 
118 
118 
116 
116 
118 
116 
120 
120 
120 
118 
120 
116 
120 
122 
120 
120 
122 
120 
120 
120 



Calorimeter. 



400 
398 
400 
398 
398 
400 
400 
400 
400 
400 
402 
402 
402 
402 
402 
402 
402 
400 
402 
402 
402! 



T,. 



o J*. 
294 
294 
292 
292 
292 
292 
292 
292 
292 
292 
294 
294 
294 
294 
294 
294 
294 
294 
292 
294 
294 



272 119,. 



0.9786 
.9792 
.9776 
.9780 
.9780 
.9776 
.9775 
.9776 
.9776 
. 9775 
.9778 
.9778 
.9778 
.9778 
.9778 
.9778 
.9778 
.9785 
.9766 
.9778 
.9778 



.9778 



s 

"a 

I 



IfU. 

1.25 

1.6 

2 

1.75 

1.25 

1 

1.5 

1 

1.6 

1.6 

1 

1 

1.2i 

1 

1 

1 

1.6 

2.25 

2.6 

1.5 

2 



Temperature. 



Inside. 



°F. 



72 



73 



72 



72 



72 






o^. 



84! 



71' 87 



89 



88 



88 



°F. 

99 

99 

99 

100 

100 

99 

99 

100 

100 

100 

100 

100 

102 

102 

104 

104 

102 

lO'J 

102 
102 
102 



87 101 



>F. 
346 
392 
392 
378 
380 
378 
372 
366 
394 
394 
376 
390 
404 
400 
400 



^F. 



795 



785 



810 



805 



I 
399,. 



346 760 

360... 

404... 



384 



Lbs. 
135 
130 
140 
160 
160 
160 
140 
146 
140 
160 
160 
136 
120 
120 
120 
120 
120 
140 
166 
160 
160 



791, 139 



Barometer at noon, 30.33 inches. 

Test starts at 10 a. m.; lighted fires, 7.15 a. m.; 275 pounds of steam, 8.15 a. m.; 2-inch forced draft. 
9.15 a. m. 
Weather, overcast, drizzle 10 to 11. 
Air openings into tumace, 8 n and 6 ®. 
Temperature of oil in weigh tank, lOCP F. 
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No. 63. — Test of oil fuel in a HohensUm water-tube marine boiler , May g6, 1903, 
[Five houn' duration ¥rlth 2-lnch forced draft, usliig Oil City bumer (Fltton nozsle), under steam.] 



Time. 



10 a. m ... 
10.15 a.m. 
10.30 a. m . 
10.46 a. m . 

11 a. m ... 
11.15 a.m. 
11.30 a. m . 
11.45 a. m . 

12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.46 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.46 p.m., 

3 p. m 

Average .. 



Draft preasure. 



0.14 
.15 
.16 
.16 
.15 
.15 
.16 
.16 
.16 
.16 
.16 
.16 
.15 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 



.16 



I 



0.8 
.8 
.9 
.9 
.8 
.8 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 
.9 

:: 



0.9 
.9 

1 

1 
.9 
.9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



•S2 



0.2 
.2 
.2 
.2 
^2 
.2 
.3 
.2 
.2 
.2 
.2 
.2 



-0.6 

- .5 

- .6 

- .5 

- .5 

- .5 

- .5 

- .5. 

- .5. 

- .5. 



.5 
.5 

.2p .5 
.2- .5 
.2- .5 7.0 



Flue gases. 



CO,. 



P,cL 



5.8 



.2- .5 
.2- .5 
.2- .5 
.2- .5 
.2- .5 



.2- 



J 



.9, 1 



5' 6.4 



O. 



P.ct. 



13 



11 



12 



CO. 



P.ct. 



0.2 



0.1 



e 
S 
o 

I 



387 
386 
386 
380 
379 
388 



u 
O 



Um. 



1,976 



387|.... 
387| 1,955 



388, 



386 2,060 



386. 
386|. 



I 



Lba. 



Um. 



19, 319 



19, 476 



19,966 



386: 2,008 
386.... 

386.:.. 
387.... 
386: 1,845 



386 1,969 



20,457 



18, 741 



809 



750 



777 



715 



790 



19,592, 768 



steam pressure on burners (Scotch boiler) , 60 pounds. 

Draft pressure in flreroom, 2 inches. 

Draft pressure in back chamber, 0.8 inch. 

Total pounds oil burned, 9,844. 

Total pounds feed water, 97,059. 

Total pounds steam for burners, 8,841. 



230 



NAVAL "LIQUID FUEL " BEPOET. 



No. 64. — Test of oil fuel in a Hohenstein water-ivhe marine boiler ^ May ^S, 190S. 
[Three hours' duration with 3-lnch forced draft, iiiiing Oil City burner (Pitton nozzle), under steam.] 



Time. 



12.45 p.m. 

1 p. m 

1.15 p.m., 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 

Average .. 



,2 



I 

CO 

Lb9. I 
275| 
274 
273 
274' 
275' 

si 

274 
274' 
270] 
273 
272! 



1 


C 


alorlm 


eter. 

























T,. 


T,. 


Q. 












i 


t 








u 


t 










B 








B 


H 












Temperature. 



I 



120 402 

122 400 

118 400 

120 400 

120 400 

122' 402 

120' 402 

120 400 

lis' 400 

120 400 

118 400 

uel 400 

lis 400 



292 
292 
292 
292 
292 
292 
292 
290l 
290 
290' 
29o' 
292 
292 



.9765. 
.9775 
.9775 
. 9775 
. 9775' 
.9765 
.9765' 
.9762 
.9762 
.9762 
. 9762* 
.9775. 
.9775 



274 119 .9770 



1 
1.5 

1 
1 
1 

1.75 
1 

1 
2 
1 
1 
1 



Inside. 



T. 



'/'. 



86 



85 



102 



103 



85 100 



85 102 



I 



d 

if 





' F. 



° F. 
400 

388 

^1 



I 



I2>B. 

,' 125 

130 

160 380; 800 140 



.... 380' 

.... 386 

..... 410 

160 426 

....' 408 

.... 416 

.... 396 

160 406 

.... 400 

.... 404 



845 



830 



160 400 



135 
130 
140 
140 
140 
135 
160 
155 
160 
155 



827, 142 



Barometer at noon, 80.09 inches. 

Test startA at 12.45 p. m.; lighted fires, 8.15 a. m.; 275 pounds steam at 9 a. m.; 3-inch forced draft, 
10.15 a. m. 
Weather, partly cloudy. 
Air openings into furnace, 3 U and 6 0. 
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No. 64. — Test of oil jud in a Hohenstein waierttuhe marine boiler, May £S, 1903. 
[Three houn' duration with 8-lnch forced draft, using Oil City humer (Fitton nozzle), under steam.] 



Time. 



12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 

2.45 p.m.. 

3 p. m 

3. 15 p. m. . 
3.30 p.m.. 

3.46 p.m.. 

Average .. 



Draft pressure. 



I 



2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 

I 
2.5 

2.5 

2.5 



1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



Tube cham- 
ber. 



1.6 
1.6 
1.6 
1.4 
1.4 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



3 2.5 1.4 1.5 

I I 



1.5 

r.5 

1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 



0.5 
.5 
.5 
.5 
.5 
.5 

.5' 

::! 

.5 
.5 
.5 
.5 



1.43 .5 



-0.6 

- .6 

- .6 

- .6 

- .6 

- .6 

-•«; 

- .6. 

- .6 

- .6 



1.5 



6 1.5 



.6 



Deposit of carbon on wall and on lower tubes near burners. 
Steam pressure on burners (Scotch boiler), 60 pounds. 
Total pounds oil burned, 7,172. 
Total pounds feed water, 71,261. 
Total pounds steam for burners, 2,909. 



1.3 



473 
472 
474 
473 
473 
477 
478 
476 
475 
474 
475 
472 
472 



474 



Lbs. 



2,159 



I 



1 



Lbs. 



Lbs. 



21, 216 



2,51'; 



I 



929 



24, 761 978 



2,496 



2,391 



25,284 1,002 



23, 754, 969 



J 



282 

No. 65. 
[Four hours* 



NAVAL *' LIQUID FUEL" EBPOBT. 

—Tat of oil fuel in a Hohentiein water^ube marine boiler , June Sy 190S. 
duFation.with 2-inch forced draft, using Oil City burner (Fitton nosde) , under steam.] 



Time. 



12m 

12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p.m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 

4 p. m 

Average .. 



Dm, 
273 
265 
275 
273 
270 
275 
260 
275 
275 
275 
275 
274 
275 

I 
270 

2m 
273- 



° F. ° F. 

124 400 

120 400 

122 400' 292 

120 400 292 

IISJ 400 292 

120 400 292 

118 402' 



12^ 
120 

12U 
12U 
120 
I2i 
120 



402 
402 
402, 



294 
294 

298 
298 



272 120 



400| 300 

402' 300 

402 300 

402' 300 

4O2I 300{ 

402, 3(H) 



118 402 3001 



I 



.9796 



Calorimeter. 




T|. 


Tj. 


Q' 


j 

i 














M 








1 












Temperature. 



I 



Inside. 



r 



F. Ifu. 

290| 0.9762 1.25 
290 .9762J 1.25 

.9775 

.9775 

.9775 

.9775 

.9778 

.9778 

.9800 

.9800 

.9820 

.9815 

.9815 

.9815 

.9815 

.9815 

.9815 



t_ 



& 

Q 



1.25 

1.25 

1.25 

1 

1 

2 

1.25 

1 , 

2. 25 

2.75' 

1.25; 

1 1 

1 I 

1.25 

1.25 



74 



95 



76 96 



a 



160 



160 



97 160 



77 98' 160 



°F. 


Of-. 


310 


.... - 


306 




304 


630, 


376 


1 


438 


...... 


410 




418 


720' 


406 


I 


418 




428 




412 


790 


408 




398 




404 




374 


770 


378 


..... 


396 





76 96 I6O! 387 727 148 



Lb9. 
120 
120 
140 
135 
135 
135 
150 
155 
160 
155 
160 
155 
160 
160 
160 
156 
156 



Barometer at noon, 80.2» inches. 

Test started at 12 m.; lighted flres at 7 a. m.; 275 pounds steam at 8.05 a. m.; 2-inch forced draft at 
10.30 a. m. 
Weather, clear. 
Air openings into furnace, 8 G i^nd 6 9. 
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No. 65. — Tesi of cUfud in a Hohenstein toater^ube marine boUer, June f, 190S, 
[Four honn' duiatton with 2-iiioh f oiced draft, aslng Oil City bnmer ( Fitton nonle) , under steam.] 



Time. 



12 m 

12.15 p. m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.46 p.m., 

2 p. m 

2.15 p.m. 
2.30 p.m., 
2.45 p.m. 

3 p. m . . . , 
3.15 p. m., 
3.30 p.m. 
3.45 p.m. 

4 p. m 

Average ., 



Draft preanre. 



8 1 

8| I 

8 1 

8| 1 



1.8 



1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 



1. 



1.2 
1.2 
1.2 
1.2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Tabe Cham- ' 



0.4 
.4 
.4 
.4 



1.05. .32 



-0.4 

- .4 

- .4 

- .45 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 

- .5 



- .48 



I 



li 



I 






Lb9. 



1,850 18,524 



2i 



410U 

408 

410 

410 

410 

410 

410 

410 

408 

408 

408 

410 

410 

406 

408 

408 

410 2,057 



1,850 



409 1,937 



I 
I 

I 



Lbs. 



Jjb$, 



1,990 19,460 



525 



17,879 496 



526 



20, 758 596 



19, 1551 536 



Feed water very muddy, due to recent heavy raina 
Steam pressure on burners (Scotch boiler), 40 pounds. 
Total pounds oil burned, 7,747. 
Total pounds feed water, 76,021. 
Total pounds steam for burners, 2,140. 



234 NAVAL "LIQUID FUEL" BEPOBT. 

No. 66. — Test of oil fuel in a Hohentlein wateMube marine boiler, June S, J 90S. 

raft, using Ol 
90 poundii.] 



[Three hours duration with ft-inch forced draft, using Oil City burner (Fitton nozzle), under Hteam, 

~* -"indii.] 



Time. 



12.15 p.m. 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.- 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 

Average .. 



Lbi. 
270 
265 
269 
267 
270 
270 
272 
265 
270 
268 
272 
272 
270 



I ■■! 



Calorimeter. 



T,. 



OF. 


°F. 


116 


402 


126 


400 


120 


400 


116 


400 


122 


400 


124 


400 


120 


400 


116 


398 


116 


400 


118 


400 



120 ■ 400 
120 400 
120 400 



OR 

292 0. 

296 I 



296 
296 
296 
296 
296 
296 
298 
298 
298 
298 
298 



9765 
9800 
9800 
9800 
9800 
9800 



i 

I 
S 



Temperature. 



Inside. 



.9800 I 
.9805 
. 9810 j 
. 9810 , 
. 9810 I 
.9810 
.9810 



/1M. 

1.5 

1 

1 

1 

1 

1 

1 

1 

1.5 

1.75 

1.75 

1.75 

2 



OF. 



78 



80 



80 



269 I 120 



.9802 



79 



I -2 



OF. 



OF. 
120 



99 



120 



101 120 



100 I 120 



120 



100 , 120 



440 
438 
438 
436 






OF. 


OF. 


430 




420 




430 


895 


438 




444 




428 




438 


880 


436 




448 





910 



436 895 I 131 



Barometer at noon, 80.23 inches. 

Test starts, 12.15 p. m.; lighted fires, 8 a. m.: 275 pounds steam 8.50 a. m.; 8-inch forced draft, 10.45 
a. m. 

Weather clear 

Air openings into furnace, 8 n and 6 ®. 

This run is intended to develop the capacity of the burner; therefore no attempt is made to min- 
imize the amount of steti^ used for spraying. 



OIL TESTS. 235 

No. 66. — TeM of oil fuel in a Hohenstein water-tube marine boiler ^ June S, 190S. 

[Three hours duration with 9-lnch forced draft, ufAnf Oil City burner (Fitton noszle), under steam, 

90 poundi).] 



Draft pressure. 











Tube( 
be 


Time. 






j 






1 


1 


1 


Front. 


12.15 p.m. 


3 


2.5 


1.3 


1 


12.30 p.m. 


3 


2.6 


1.4 


1.5 


12.46 p.m. 


3 


2.6 


1.4 


1.5 


1 p. m 


3 


2.6 


1.5 


1.6 


1.15 p. m.. 


3 


2.6 


1.5 


1.6 


1.30 p.m.. 


3 


2.5 


1.4 


1.5 


1.45 p. m.. 


3 


2.5 


1.4 


1.5 


2 p. m 


3 


2.5 


1.4 


1.5 


2.15 p.m.. 


3 


2.5 


1.4 


1.5 


2.30.p. m.. 


3 


2.5 


1.4 


1.5 


2.45 p.m.. 


3 


2.5 


1.4 


1.5 


3 p. in 


■ 3 


2.5 


1.4 


1.6 


3.15 p.m.. 


3 


2.5 


1.4 


1.5 



1.2 
1.3 
1.3 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 



11 



0.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 



Average 



2.53 1.4 ' 1.5 



1.3 



—0.5 

— .6 
.6 
.6 

— .6 

— .6 

— .6 
.6 
.6 
.6 
.6 
.6 
.6 



li 



li 



2t 



— .6 



1.8 



460 
457 
460 
462 
466 
459 
460 
460 
458 
460 
459 
463 
462 



E 



IJb9. 



2,601 



t 

1 



Um. 



25,953 



2,567 25,248 



2,650 I 26,140 



460 . 2,606 25,780 



C^ 



iZx. 



1,321 



1,5 



1,468 



1,392 



Steam pressure on bumecs (Scotch boiler), 90 pounds. 
Total pounds oil burned, 7,dl8. 
Total pounds feed water, 77.841. 
Total pounds steam for burners, 4,176. 



32196—04- 



-16 
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No. 67. — Test of oil fuel in a Hohenstein water-tube marine boiler ^ June 11 ^ 190S. 
[Six houn' daration with natural draft, CalifomlA oil, va&.'og Advance burner, under steam.] 



Time. 



o 
& 



a 



i 

I 



Temperature. 



Ineide. 






I 



o 



Draft 
pressure. 



10 a. m., 

10.15 a. m. 
10.30 a. m . 
10.46 a. m . 

11 a. m 

11.16 a.m. 
11.30 a. m . 
11.46 a. m . 

12 m 

12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 
1.46 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3 p. m 

3.15 p. m.. 
3.30 p. m.. 
3.45 p. m.. 

4 p. m 

Average . . . 



Lb: 
270 
270 
272 
273 
270 
270 
272 
268 
264 
270 
272 
270 
270 
270 
270 
270 
270 
270 
2(Ja 
270 
2ft4 
2ii5 
273 
270 



2m 



116 
122 
120 
120 
120 
120 
120 
120 
122 
124 
122 
118 
118 
120 
120 
120 
120 
120 
120 
124 
120 
120 
124 
124 
J20 



Int. o F. 
2 



° J*. ° F. ° F. 



140. 



86i 



108. I 805 

1 I 



82 



103 



113 



I 



871 113 



90 



270 



121 



87 



140 



770 



140', 



770 



140. 



760 



140. 



108 760 

140.... 



114 780 

I I 



140. 



Lb9. 

45' 

45l 
45' 
45' 

45| 
45 

45 

I 
45j 

45 

45 

45, 

45 

45 

45 

45 

' 45 
45 
45 
45 
45 
45 
45 
45 
45 



110, 140 7741 



45 



Lbi. 
130 
145 

m 

145 
140 
156i 
140, 

ia> 

185 

lao 

IBO 
130 

ISO 

150^ 

140' 

I 

140 

140 

140 

no 

140 
140 
140 
140 
140 
140 



0.06 

. Ofi' 

.06 

I 

.oti, 



146 



.06 

.061 
.06 

.m 
.06 
.06, 
.06. 
.06 
.06 
.06 

.m 

.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 



0.17 
.16 
.16 
.16 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 



.06! .17 

I 



Barometer at noon, 29.92 inches. 

Start of test. 10 a. m.; started fires at 7.60 a. m.; 275 pounds steam at 8.20 a. m. 

Weather overcast. 

Air openings Into furnace, S G and 4 and 40 square inches. 

The lumace for this and succeeding tests is in its original condition, the bridge wall and false 
bottom having been removed. 

During preliminary tests it was found necessary to enlarge the holes in the oil nipples from ^ 
inch to -^ inch. It is probable that with Texas oil and its greater fluidity the small openings 
would have sufficed. 
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No. 67. — Tegt of oU fuel in a Hdhenstein water-tube marine boiler, June 11, 190,i. 
[Six hours' duration with natural draft, California oil, using Advance burner, under steam.] 





Umf t j>res»urf . 


Flue gases. 













Tube Cham- 
ber. 


■5 

1 

1 

1 

St 

< 

0.35 
.35 
.36 
.36 
.36 
.35 
.35 
.35 
.35 
.35 
.35 


1 

1 


CO,. 


0. 




ii 

^ 1 ^^ 


Time. 


^ 


i 


CO. 


1 


1 
I 


CO 


10 a. m 


0.16 


OH 


0.52 
.52 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 


P.ct. 


P.ct. 


p.ct. 




Ub*. 


Ua. 


Lbi. 


10.15 a. m. 


a6 .2 

.16 - 2 
















10.30a. in. 








It 








10.45 a. m 














11 a, m 


.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
. .16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 


.2 
.2 

.2 
.2 
.2 
.2 
.2 
.2 










1,264 


13, 216 


532 


11.15 a. m 












11.30 a. m 


8.4 


9.8 





It 




__ _ _J 


11.45 a. m 


i 


12 m 










1,180 12,604 


568 


12.15 p. m. 
12.30 p. m. 
12.45 p. m. 

1 p. m 

1.15 p. m.. 
1.30 p. m.. 
1.45 p. m.. 

2 p. m 

2.15 p. m.. 
2.30 p. m.. 
2.45 p. m.. 

3p. m 

3.15 p. m.. 
3.30 p. m.. 
3.45 p. m.. 
4 p.m 














11 




1 




i 


.2J .35 
.2 .35 
.2 .35 
.2 .35 
.2 .35 
.2, .35 
.2 .35 
. 2' - .^*> 








1,074' 11,220 

! 


515 










8 


10.2 


0.4 


2 




















1,228 


12,443 490 


.53 
.53 










1 




2 






.53 


1 

1 






1 


.2 


.35 


.53 
.53 


1 






1,098 


11,513 470 


.2 

.2 
.2 


.35 
.35 










.53 
.53 






2 






1 








.2 .35 


.53 








1,078 


11,307! 510 








Average... 


.16 


.2! .35 

1 


.53 8. 2 


10 


.2 


1.7 


1,154 


12,050 


514 



Preliminary tests at pressures ranging from 80 to 90 pounds determined 40 pounds to be the moet 
suitable pressure for the spraying agent. 
Total pounds oil burned, 6,922. 
Total pounds feed water, 72,808. 
Toted pounds steam for burners, 8,066. 
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No. 68. — Text of oil fuel in a HohenMein water-tube marine boiler ^ June 12, 190S. 
[Three hourM' duration with S-Inch forced draft, UDinflr Advance burner, under steam.] 





i 

's 

'i ■ 
1 ■ 

00 


1 

1 
1 
1 


Ca 
Ti. 


orlmeter. 


[ 

1 1 


Insk 

1 

1 

i 


Temperature. 






Time. 


T.. 


Q. 


le. 


«: 
c 

u 
< 


i 1 
B i 

1 ' 


1 


§ 




i 


0/'. 


° F. 


° F. 




/IW. . 


°F. 


op 


op 


° F. 


°F. 


Lb.. 


12.30 p.m. 


275 


122 


398 


290 


0. 9770 


1. 75 . 







108 


443. 




135 


12.45 p.m. 
1 p. ra 


265 
270 


124 
122 


400 
399' 


299 
290 


.9815 
.9768 


1 
.75 






109 

111 


444 
488 




905 


135 


75 


94 


135 


1.15 p.m.. 
1.30 p.m.. 
1.45 p.m.. 


265 
270i 

275! 


120 
118 
118 


399 
399 
399' 


289 
289 
290 


.9760 
.9760 
.9768 


.75' 






111 

112 
110 


478. 
495I. 
485'. 


.... 


140 


1 
1.75. 






135 


1.75'. 




.... 




120 


2 p.m..-. 


265 


124 


399 


290 


.9768 


1.75 


75 


96 


111 


490 


960 


120 


2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 
3 p. m 


272' 
275' 
270 
273 


120 
122 
118 
118 


399 
399 
399! 
400 


290 
290 
290 
290 


.9768 
.9768 
.9768 
.9762 


1.76j. 
1.76. 

1 '. 
1 1 






111 
111 
111 
111 


494. 
1 
494. 

495. 

497 


965 


120 






130 






130 


74 


95 


130 


3.15 p.m.. 
3.30 p.m., 


270 
27o' 


120 
120 


399 
399 


289 

289 


.9760 
.9760 


1.26. 
1.75. 






110 

no 


502. 

478. 




115 






^90 










Average .. 


270 


120 


i 


.9770 


1 


1 


95 


no 


483 


943 


128 



Barometer at noon, 29.7 incheti. 

Test starts at 12.80 p. m.; lighted flres, 9.16 a. m.; 276 pounds steam, 10.16 a. m.; S-inch forced draft, 
11.16 a. m. 

Weather, partly cloudy. 

Air openings into furnace. 3 '~] and 90 rauare inches. 

California oil waJi used, but it Is possible that this oil was slightly mixed with Texas oil. owing to 
practical difficulty in clearing tank from the residue of Texas <nl when such oil was last used 
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No. 68. — Te«t ofoUfad in a Hohenstein waUr-tvhe marine boiler^ June 12 y 190S. 
[Three hours' duration with 3-inch forced draft, using Advance burner, under steam.] 



I 



Time. 



I 

12.30 p.m.' 

12.45 p.m.' 
^ I 

1 p. m ' 

1.15 p. m..j 
1.30 p.m. J 
1.45 p.m.,! 

2 p. m ' 

2.15 p.m.. 
2.30 p.m.. I 
2.45 p.m.. 

3 p. m I 

3.15 p.m..! 
3.30 p.m..! 

Average 



Draft pressure. 



I 



2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 



2.6 



Tube cham- 
ber. 



1.9 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 



o 






1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8' 
1.8 



1.8 



0. 7, —0. 5 
.5 



.7 — 

^1 _ 

.7| — 
.7 — 

. / — 
.7 — 

.7I-.5I 

.7 - . 5 
.7, - .5, 



.5 

.sL. 

.5|... 
. oi . . . 
.5 2 
.5... 



1.5 



.51 



472 
475 
474 
471 
472 
470 
471 
472 
472 
470 
472 
472 
474 



% 
E 



Lbt. 






1 ^. 

I 5:3 

r 



UiH. IJm. 



2,609 23,478: 619 



2,614' 23,984, 686 



2,722, 25,318 690 



.7— .5, 1.8 



Temperature of oil in weigh tank, 190° F. 

Steam pressure on burner (Scotch boiler), 45 pounds. 

Total pounds oil burned, 7,945. 

Total pounds feed water, 72,780. 

Total pounds steam for burners, 1,995. 



472 2,648' 24,260 666 



240 



NAVAL '* LIQUID FUEL" REPOBT. 



No. 69. — Test of oil fuel in a Hohenstein ivcUer-ivhe marine boiler^ June 16, 190S. 
[Pour houn' duration with natural draft, using Oil City burner (Pitton noule), under air.] 



Time. 



11.45 a. m. 

12m 

12.15 p. m, 
12.30 p.m. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2 p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p. m.. 



ft 
I I 



270 
270 
271 
270 
267 
271 
270 
270 
270 
265 
267 
268 
268 
265! 
270| 
2681 
27o| 



OF. 

120 
120 
124 
120 
120 
120 
124 
122 
120J 
120, 
118 
120' 
120' 
120' 
122; 
124| 
120! 



Calorimeter. 



Temperature. 



T,. T,. 



400 
400 
400 
400 
400 
400 
399 
399 
399 
399 
400 
399 
400 
399 
400 
399 
400 



Average ..! 269 



121;. 



Inside. 



s 



296. 
296 
296' 
295J 
296 
296 
295 
295 
295 
295 
296 

295; 

296| 
295 

296l 
295 
296 



ln». 
0.9798 2 
.9798| 2 
.9798 
.9790 
.9798 
.9798 
.9795 
.9795 
.9795 
.9795 
.9798 
.9795 
.9798 
.9795 
.9798 
. 9795 
.9798 



85 



1.25| 

1.5 I 
1.5 1 
2 I 
1.25, 
1.75i 
1.75.... 

Uz 

1.5 I 81 
1.5 .... 

2 L... 
1.25,.... 
1.25 83 
1.25.... 






82.6 



109 



107 



108 



81 


°F. 

106 






83 


109 



°F. 



110 

no 
no 



107.8 111 



I 



F. 

112! 134 
110 150 
111 

110 1501 
111 
111 
111 
111 
111 

no; 1501 
110. 



150 



150 



112, 150 



112| 

109 150 



150 
150 
160 



685 



S 

i 

o 

^F. °/*. 

340 670 

338 

338 

338 

337 

338 

352 

348 

320 

818| 

.350 

352 635 

350 

350 

348' 

345| 680 

342 



705 



150' 341 

I 



675 



Barometer at noon, 29.83 incheo. 

Test starts at 11 a. m.; started fires at 7 a. m.; 276 pounds steam at 8.05 a. m. 

Weather, clear. 

Air openings into furnace. 



OIL TESTS. 
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No. 69. — Test of oU fuel in a Hohenstein vxtier-lube marine boiler ^ June 16 f 190S. 
[Four hours' duration with natural draft, using OU City burner (Fitton nozzle), under air.] 





u 

'3 

1 

1 


i 

d 
o 

3 

u 
< 

Lb9. 
48 
48 
48 
48 
48 
48 
62 
61 
64 

m 
m 

25 
25 

m 

30 
30 
28 


g 
I 

Lb8. 
120 
128 
150 
150 
135 
160 
155 
155 
100 
160 
140 
120 
115 

no 

115 
110 
130 






Draft 


pressure. 




« 


i 








1 

g 

1 


ber. 


1 

2 
1 

1 

< 


1 

J 


I 

1 

1 


Time. 


■M 

0.15 
.15 

.15 
,15 
,15 

as 

,15 
,15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 


1 


1L46 a. m. 


73 
73 
73 
74 

7:^ 
73 
M 
84 

m 

101 
42 
44 

m 

48 
48 

46 


0.06 
.06 

.06 
.06 
.06^ 
.06 
.06 
.06 
.Ofi 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
,06 


0.15 
.15 
.15 
,16 
-15 
.15 
,14 
.14 
.14 
.14 
.15 
.15 
.15 
,15 
.15 
,15 
.15 


0.18 
.18 
,18 
.18 
,18 
,18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
.18 
,18 
.18 


0.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
,31 
.31 
.31 
.31 
.31 


-0.47 

:::; 

- .47 

- .47 

:::; 

-.47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 

- .47 


1 


Lb$. 


Lb8. 


12m 






12.15 p. ra. 
12.30 p. ra. 
12.45 p.m. 

1 p. m 

1.15 p. m.. 
1.30 p.m.. 
1.45 p. m.. 

2p. m 

2.15 p.m.. 
2.30 p.m.. 
2.45 p.m.. 

3 p. m 

3.15 p.m.. 
3.30 p.m.. 
3.45 p.m.. 








2 






1,070 


11,985 








2 






1,070 


13,765 








U 






1,254 


11,555 








U 






1,044 


11,950 


Average .. 


66 


43 


136 


.06 


.15 


.15 


.18 


.31 


- .47 


1.6 


1,109 


12,314 



California oil used nominally, but in all probability was a composition mainly of Texas oil, as it 
was the final heavy residue left in the tank. For this test the sucuon pipe was lowered for purpose 
of completely drainln|r the tank. Before this test the tank had never oeen completely drained. A 
sample of these final dralnings or dregs was taken and sent on to the navy-yard for ansiysis. 

Total pounds oil burned, 4,488. 

Total pounds feed water, 49,256. 
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Summary of oil-burning tests with 



No. of 
trial. 



Date of 
trial. 



, Dura- 
tion of 
I trial 

(bOUTB), 



Kind of oil. 



I 



1 ' 2 

1902. 

1 June 11 

2 ; June 12 

3 June 26 

4 June 27 

5 Aug. 2 



18 Sept. 27 

14 Sept 29 

16 Oct 4 



Oct 18 



^« i 

17 

« i 

19 Oct 26 

20 Oct 27 



Oct 14 
Oct. 22 



35 Jan. 16 



36. 
87. 

38. 



Jan. 17 
Jan. 19 
Jan. 20 



Oil burner used. 



State of weather. 



Beaumont oil Oil City Wka. (air) . 

do do 

do do 



6 Aug.4-9 , 116 

7 Aug. 15 6 

8 Aug. 20 8 

9 Sept 12 « 

10 Sept 19 I 8 

11 Sept 20 8 

12 Sept 22 I 8 



21 Nov. 14 

22 Nov. 17 

23 ' Nov. 28 

24 Dec. 1 

25 Dec. 2 ! 

1 

26 Dec. 4 

27 Dec. 6 

28 Dec. 6 

29 Jan.V03, 

30 Jan. 8 ' 

81 Jan. 5 

82 Jan. 10 

33 ' Jan. 12 

34 Jan. 15 



I 



6 

4 
5 
2.6 

7 

7 
8 
8 
4 
2.75 ' 

4 
6 
1.92 

4 I 

« I 

8 
6 



.do. 
.do. 

.do. 
.do. 
.do. 
.do. 



.do. 
.do. 



....do 

do 

....do 

Hayes (xteam). 



.do Oil City Wks. (steam). 



.do do 

-do : do 

.do Reed (air and steam ) . 

.do i do 

.do Oil City (steam) 



.do. 
.do. 
.do. 
.do. 
.do. 



T 



.do- 
.do. 
.do. 
-do. 
.do. 



.do Advance Co. (steam) . 

.do ! Advance Co. (air) 

.do Branch (steam) 

.do do 

.do Branch (air) 



.do do 

.do Branch (steam) . 

.do Branch (air) 

.do Best (steam) 

.do do 



.do do 

.do Harvey system (air).. 

.do do 

.do ' Best (air) 

.do I do 



Bright, sunny day 

....do 

....do 

Bright sun, few clouds. 
Bright, sunny day 



(See log) 

Thin, fleecy clouds 

Smoky; occasional clouds. 

Partly cloudy 

Thin clouds 



do 

Partly cloudy 

Fair 

Clear 

Overcast, then drizzlin; . 



,nt. 



Clear and pi 

Partly cloudy 

Clear 

do 

Drizzling and rain 



Misty 

Misty and cloudy 

Cloudy 

Partly cloudy to clear . 
Clear and dry 



Heavy mist 

Wet and snowing 

Heavy mist then clearing. 

Misty 

Overcast; heavy fog 



Clear, dry, and cold . 
Clear and cold 



5 i do do 

3 do do 

6 I do Best (steam). 



Cold and clear . 



SUMMARY OF OIL TESTS. 
Hohenstein marine itxiter-tuhe boiler. 
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3 

is 



o 



1.. 
2.. 
8.. 
4. 
5., 

6.. 
7.. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

.26. 

27. 
28., 
29. 
80.. 

31., 
32. 
83. 
34., 



87. 



i 
i 

o 

.a 



30. G2 

30 

29.70 

29.94 

30.13 

29.89 
30.10 
30.08 
80.16 
30.20 

30.18 
30.05 
29.92 
29.96 
29.99 

29.85 
29.93 
30.37 
30.14 
29.96 

30.28 
30.16 
30.14 
30.10 
29.96 

80.04 
29.69 
30.36 
30.80 
29.63 

29.85 
30.17 
80.04 
30.03 
80.04 

80.70 
80.55 
80.38 



7.1 



Average pressure. 



9 a>^ 



|83 



59 
66 
45 

58 
86 

82 
74 



278.5 
278.6 
273.5 
278.5 
278.6 

271.5 

272.5 

276 

273.5 

273.1 

273.7 
274.2 
276.7 
277.4 
276.6 



•2^ I S. 



So-g 



e-g- 



Draft pressure In inches of water. 



9.1 



271.9 

2?2.3 

272 

274 

264.6 

274.6 
278.9 
273.4 
273.5 
273.2 

278.2 
274.6 
274.5 
274.1 
275.5 

272.5 
273.5 
272.5 



8.20 
4.62 
.78 
8.37 
1.41 

1.31 
4.66 
4.68 

82 

29.9 

61.4 

91 

92 

89 

91.8 



275.1 92 

273.2 90.2 
275.2 90 

273.2 j 91 

274.3 91 



90 

85 

91.5 

94.2 

49.1 

49.2 

90.9 

49 

90 

90 

90 
28 
23 
70 
71 

70 
70 
90.5 



10 



45 
45 
45 
32 
31 

35 
25 
55 
56 
30 

36.5 

55 

85 

30 

SO 

83 
18 
16 
25 
26 

24 
20 
20 



1.27 

2.81 



8.25 







3.75 











1.03 
2.04 
2.01 
3.02 

1 




2 
2 

2 
2 



6 



1 



Tube chamber. 



11 



12 



0.78 
1.55 

- .15 
2.60 

- .15 

- .17 



0.642 
1.38 

- .19 
2.02 

- .20 



23 

- .09 - .18 
3.40 2.30 

- .20 j- .20 

- .20 |- .20 

- .14 - .20 

- .14 - .16 

- .15 - .15 

- .097 I- .10 

- .14 '- .15 



1.03 
1.69 
1.51 
2.61 
.80 



I 



.54 
1.28 
1.23 
2.23 

.57 



- .186 '- . 
1.60 1 
1.60 , 1 



I 1.60 
i 1.60 



2 


1.60 


1 


2 


1.50 


1 


1 


.80 


.47 


3 


2.40 


1.60 





.17 


.243 





.147 


.243 





.138 


.238 


1 


.80 


.45 



1.45 , .96 
2.60 j 1.62 



Front. 



IS 



Back. 



18.1 






IS. 2 



II 



- .133 ;- .234 
i" .128 I- .225 



125 



0.25 



- .26 I 
1.26 . 



- .30 

- .21 
1.86 

- .20 

- .28 

- .28 

- .21 

- .20 

- .20 

- .26 

.26 
.82 
.65 
1.25 
.29 

- .210 

- .205 

- .196 

01 



.05 



-0.233 -0.388 

- .232 - .888 

- .219 - .404 



1 



.45 



.974 

.97 

.95 

.45 



1 



1.60 1.50 

.226 .241 

.223 .243 

.217 I .236 

.43 .45 



.117 



.28 



1.6 
.26 



.95 

1.62 

.28 



.30 

.268 

.26 

.29 

.20 

.05 

.50 

.411 



.02 



.6 
.44 



-0.49 

- .05 

- .35 

- .41 

- .40 

- .46 

- .54. 

- .53 






.90 i - .22 



.53 
.58 
.46 
.50 
.60 

.50 
.50 
.52 
.41 
.50 

.526 
.514 
.556 
.532 
.422 

.42 
.43 
.88 
.40 
.50 

.80 

.534 

.52 

.54 

.55 

.60 
.60 
.614 
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ASummary of oiUhumiiig ieds with 



No. of 
trial. ^ 



Date of 
trial. 



89. 
40. 



51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 



Dura- 
tion of 
trial 

(hOUfB). 



I 



I 1906. 
.; Feb. 6 
.1 Feb. 9 



41 Feb. 18 

42 Feb. 27 

43 1 Mar. 2 

44 ; Mar. 8 j 

45 ! Mar. 14 ' 

I 

46 ' Apr. 9 ! 

47 Apr. 10 i 

48 ' Apr. 17 

49 1 Apr. 18 j 

60 1 Apr. 20 ' 



June 3 
June 11 
June 12 
June 16 



Apr. 21 4 

Apr. 22 2 

Apr. 23 I 2 

Apr. 24 I 3 

Apr. 27 4 

May 4 4 

May 5 6 

May 6 5 

May 7 j 4 

May 8 3 

May 22 I 6 

May 21) 5 

May 26 1 5 

May 28 ^ 3 

June 2 I 4 



3 



Kind of oil. 



Beaumont oil. 
....do 



.do. 
.do. 
.do. 
.do. 
.do. 



Oil burner used. 



State of weather. 



Advance (steam) ' Clear 

do I Clear cold; breeze NW. 



do ' Clear 

do ^ Overcart; rain 2.80 to 5. 

do , Clear and cold 

do ' Clear 

Oil City Wk8. f steam) . Clear and pleasant 



do ' Santa Fe (steam). 

do do 

California oil do 

do do 

do ! do 



.do. 
.do. 
.do. 
.do. 



do MacDonald (steam). 



.do. 
.do. 
-do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 



.do. 
.do. 
.do. 
.do. 



Oil City Wkfl. (steam). 

do 

do 

do 

do 



.do. 
.do. 
.do. 
.do. 
.do. 



do ! do 

do ' Advance (steam) . 

Calif, and Texas oils do 

do Oil City (air) 



Clear and warm . 

do 

Clear 

do 

Overcast 



Clear 

.....do 

Partly cloudy. 

Clear 

do 



.do. 
.do. 
.do. 
.do. 



Partly cloudy 

Overcast and misty . . 
Overcast and d rizzl y . 

Partly cloudy 

Clear 



do 

Overcast 

Partly cloudy. 
Clear 



SUmCABT OF OIL T£8TS. 
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Hohtfutein marine water-tube boiler. 





1 

1 












Averaere prcBsure. 










Si 

i 


si 


I 




Draft preasure in inchefl of water. 








il 




, 


1 


1 


Tube chamber. 






J 


Front. 


Back. 

• 


i 
I 


1 


7 


7.1 


8 


9 


9.1 


10 


11 


12 


IS 


1S.1 


U.8 


14 


39.... 


90.29 




273.5 


60 


60 





0.097 


0.224 


0.192 


0.221 


0.882 


0.626 


40.... 


80.15 




273.6 


80 


40 





.06 


.206 


.170 


.203 


.878 


.542 


41.... 


30.08 




278.5 


20 


27.6 





.05 


.197 


.177 


.21 


.88 


.68 


42.... 


30.26 




272.5 


20 


25 


2 


1.70 


1.20 


1.20 


1.14 


.872 


- .82 


43.... 


30.47 




272.5 


20 


25 


1 


.80 


.45 


.42 


.46 


- .094 


- .60 


44.... 


30.55 


27 


278.5 


20 


25 


3 


2.60 


1.86 


1.86 


1.66 


.61 


- .42 


46.... 


30.20 


32 


273.5 


90 


60 


3.7 


2.92 


.88 


1.87 


1.82 


1.90 


- .46 


46.... 


29.94 


46 


269.6 


90 


9 





.20 


.28 


.266 


.27 


.86 


.46 


47.... 


30.09 


28 


271.5 


90 


9 


1 


.60 


.20 


.28 


.20 


- .10 


- .46 


48.-.. 


29.77 


36 


273.5 


90 


10.6 





.16 


.27 


.26 


.28 


.86 


.44 


49. . . . 


29.79 


36 


273.5 


90 


11 


1 


.66 


.26 


.20 


.20 


- .10 


- .40 


50.... 


29.66 


47 


278.5 


90 


10 


3 


2.80 


1.30 


1.40 


1.20 


.60 


- .46 


51.... 


29.70 


25 


267.5 


90 


■ 
23 


3 


2 


1.20 


1.30 


1.10 


.40 


- .46 


52.... 


29.81 


30 


267.5 


90 


23 


3 


1.95 


1 


l.HO 


1 


.46 


- .86 


68.... 


29.90 


29. 


262.5 


90 


25.4 


3 


1.95 


1.12 


1.20 


1.10 


.40 


- .44 


54.... 


30.05 


22 


266.5 


90 


75 


3 


2.20 


1.20 


1.30 


1.17 


.48 


- .46 


65.... 


30.20 


32 


263.6 


90 


40 





.14 


.27 


.24 


.27 


.868 


.45 


66.... 


30.20 


41 


265.6 


90 


40 





.15 


.27 


.25 


.27 


.86 


.46 


57.... 


30.19 


36 


265.5 


90 


41 





.16 


.27 


.245 


.27 


.86 


.46 


68.... 


30.16 


24 


267.5 


90 


45 


1 


.60 


.26 


.30 


.25 


- .06 


- .40 


69.... 


30 


25 


267.5 


90 


62 


2 


.163 


.86 


1 


.84 


.24 


- .44 


60.... 


30.17 


30 


267.5 


90 


71 


3 


2.50 


1.40 


1.60 


1.40 


.50 


- .40 


61.... 


29.94 


38 


267.5 


60 


103 





.70 


.20 


.19 


.21 


.81 


- .48 


62.... 


30.25 


47 


268.5 


60 


128 


1 


.80 


.30 


.40 


.30 


- .10 


- .60 


63.... 


30.33 


47 


270.5 


60 


139 


2 


.16 


.90 


1 


.80 


.20 


- .60 


M.... 


30.09 


50 


272.5 


60 


142 


3 


2.50 


1.40 


1.50 


1.43 


.60 


- .60 


ft5.... 


20.29 


89 


270.5 ' 

1 


40 


148 


2 


1.80 


1.10 


1.22 


1.06 


.82 


- .48 


66-... 


80.23 


39 


267.5 


90 


131 


3 


2.53 


1.40 


1.60 


1.80 


.50 


- .60 


67.... 


29.92 


40 


268.5 


45 


146 





.06 


.17 


.16 


.20 


.35 


.63 


68.... 


29.70 


39 


268.5 


45 


128 


8 


2.60 


2 


L80 


1.70 


.70 


- .60 


69.... 


29.83 


36 


267.5 


43 


136 


• 


.06 


.15 


.15 


.18 


.81 


- .47 
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Summary of text of Hohenttem marine 






c 



7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
16.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
28.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 

81.. 
32.. 
83.. 
34.. 
35.. 



a 






< 



10 



1.3 

2.8 



3.3 







3.75 







3 
S 

s 



o 

> 

15 



Average temporatures (** F.). 



Outside air. 



16.1 



16 



827 

423 I 

4«3 





dOG 







I 



16.1 



17 






17.2 



8.5.4 

86 
79 
81 
87 

79 

77.6 
82 
76 



121 

121.5 

106 

108 

112 

112 
120 
115 

9S 

98 



o 

I 

i 



18 



(?) 
(?) 



(?) 



102.6 

122 

120 

113.5 

161 

136 

) 
444.4 



1 








303 





77 




106 
103 

99.4 
111.6 

91.2 

114.6 




408.2 


1 


77 






401 





«.4 ... 






375 


1 


85.4 ... 






416 





500 
692 


64.4 ... 




65.8 
68 


407.4 


1 


76.3 I 


67.8 


482 


2 1 


892 


830 


68.2' 


61.6 


104 


66 


545 


2 


380 


551 


61.3 


49.8 


97.6 


58.6 


534 


3 ' 


463 


800 


77 


67.7 


112 


65 


469 


1 

1 


287 


800 


68.1 1 


65.6 


108.7 


65 


420 


1 






569 


58.2 ' 


55.3 


78.3 


54 


321 


1 





369 


57.2 1 


53 


81.5 


66 


243 


' 





476 






T2 


46 


370 


2 1 


382 


476 






82 


42 


378 


2 


392 


476 






82.7 


46 


326 


2 ' 


384 
369 
370 
383 


(WO 
660 
6?2 
776 






80 
72 
70.4 
71.5 


81 
36 


333 










2 1 
2 ' 


Air at ash-pit opening. 


379 
310 


2 


86.4 1 


72 


427.4 


1 


283 


776 


108.8 


81.1 


K:l.6 


32 


407.1 


8 


448 


776 


101.8 


78.6 


77.5 


40 


443.6 








776 


113.4 1 


85.9 


86 


80 


841.9 








752 


90.2 


76.8 


58.6 


25.4 


294.4 


' 




285 








73 

87 


37 
36 


288 


1 1 


^^ 
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SUMMARY OF OIL TESTS. 
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tPcUer-iube hoUer, burning oil. 



Average temperatures 

(°F.). 



•c 



I U 



19 






20 



If 



Oil. 



Steam. 



Water. 



1 



£t 



H 

T3 * • 



2S 



I 



24 






25 



26 






27 






2 



I?: 






28 



1. 
2. 
8. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
80. 

31 
82 
88 
84 



704.6 

779 

503.6 

854 

557 

585 
747 
1,017 



.... 


449 




596 




628 


.... 


661 




578 


.... 


645 


.... 


635.6 


.... 


701 


.... 


849 





842 


— 


1.060 


.... 


818 


.... 


640 




642 





699 





796 




778 




740 




816 





738 





750 


.... 


687.5 




790 





565 




540.2 







120.7 

103.2 

128.5 

119 

129 

119.4 

119.7 

119 

127 

118.3 

120.2 
119.6 
121.9 
120.8 
119.9 

119.3 
119.1 
119.9 
109.2 
118.7 

119.9 
119.5 
119.8 
110.2 
110.6 

109.2 
102.1 
102.4 
94.6 
106.3 

97.4 
118.1 
118 
118.6 
107 



413.7 
413.7 
413.7 
418.7 
418.7 

413.1 
413.4 
414.5 
413.7 
413.6 

413.8 
414.0 
414.8 
415.0 
414.7 

414.3 
413.6 
414.3 
418.6 
414 

413.1 

413.4 

413.3 

414 

411 

414.2 
418.9 
413.8 
413.8 
413.7 



10,580 
9,180 
6,122 
8,602 
4,668 

96,517 
9,089 
9,909 
3,600 
7,360 

8,257 
8,974 
7,692 
9,216 
8,071 

9,379 
9,220 

10,535 
7.445 

18, 781 

7,517 
8,676 

10,117 
7,995 
5.388 

i 
7,240 ' 

10,475 j 
3,697 I 
8,159 I 

10,168 



413.7 9,940 
414.2 7.636 
414.2 7,362 
414 I 9.068 

414.4 , 10,280 I 



2,820 
8,770 
827 
2,550 
1,158 

18,240 
7,800 
3,950 
2,524 
3,412 

4,252 
5,805 
8,166 
6,888 
4,831 

2,204 
1,445 
3,126 
2,654 
8,646 

7,237 
9,524 
9,885 
4,341 
8,416 

8,812 
5,989 
2,163 
2,672 

4,787 

8,299 
3,174 
3,588 
9,524 
7.659 



0.963 
.980 
.984 
.981 



.985 
.996 
.988 
.991 
.996 

.994 
.996 
.996 
.998 
.985 

.971 
.982 
.982 
.982 
.984 

.981 
.984 
.985 
.981 
.981 

.979 
.979 

.9n 

.976 
.976 

.974 

.984 

.983 

.9837 

.9765 



1.7 

2 

1.6 

1.9 

1.4 

1.5 

.5 
1.2 

.9 

.5 

.6 
.5 
.4 
.2 
1.5 

2.9 
1.8 
1.8 
1.8 
1.6 

1.9 
1.6 
1.5 
1.9 
1.9 

2.1 
2.1 
2.3 
2.4 
2.4 

2.6 

1.6 

1.7 

1.68 

2.35 



117,976 
96,928 
78,000 
88,604 
58,529 

1,192,482 
104,631 
92,997 
43,761 
86,791 

96,469 
105,547 

95,605 
112,115 

91.869 

95,283 
82,414 

104,785 
68,246 

149, 160 



100.300 
116,120 
80,128 
54,326 

70,766 
103,501 
87,804 
81,697 
109,310 

102,242 
92,890 
90,803 
106.880 
110,952 



115,960 
94,980 
76,740 
86,915 
57,700 

1,174,500 

104,100 

91,870 

43,867 

85,360 

95,880 
105,020 

95,810 
111,890 

90,491 

92,520 
80,981 

102,899 
67,018 

146,773 

88,453 
98,695 
114,378 
78,605 
53,294 

69,278 
101,327 
86,935 
79,736 
106,686 



1.159 
1.177 
1.151 
1.161 
1.151 

1.160 
1.160 
1.161 
1.158 
1.162 

1.160 
1.160 
1.158 
1.159 
1.160 

1.161 
1.161 
1.159 
1.171 
1.161 

1.160 
1.161 
1.160 
1.170 
1.169 

i.in 

1.179 
1.178 
1.187 
1.174 



99.584 1.183 

91,403 I 1.162 

89,259 ; 1.162 

105.097 1.161 

108,341 i 1.174 



134,400 
111,800 

88,330 
100,900 

66,380 

1,863,000 
120,780 
106,690 
50,000 
99,170 

111,190 
121,840 
110,370 
129,570 
104.970 

1D7,410 
93,961 

119,260 
78,478 

170,408 

108,406 
114,486 
132,678 
91.968 
62,301 

81.124 
119.464 
48.509 
94.647 
125,249 

117.808 
106,210 
103,719 
122,017 
127,196 
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86.. 
37. 
88.. 
89. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 
60. 

81. 
S2. 
53. 
54. 
56. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 



2^ 









55 

1 



1 

O 

.a 

I I 

I ® 

, 3 

I "3 



10 



16 



.1 

J . 

2 
1 

J 8 
J 3." 





! ; 

I 
1 

! 3 

I 

; 3 

; « 

I 3 
I 8 
1 


I 

' 1 

! 2 

3 





1 ! 
2 

3 

2 I 
3 

; 

' i 





875 
446 








886 

280 . 

458 '. 

501 1. 

. 

280 . 

. 

280 . 

464 . 
i 

460 . 

467 L 

456 ;. 

467 . 

. 

. 

'. 

287 |. 

387 ;. 

458 !. 

. 

287 '. 

386 . 

474 . 

409 1. 

460 '. 

. 

472 j. 

. 



Average temperatures (® F.)- 



Outdde air. 



.a 



1ft. 1 



16 



163 



120 
77 
94 

78 
88 
81 
84 
84 



78 
76 
86 
90 

84 
87 
97 
101 
92 

108 
86 
87 

102 
96 

100 
110 
95 
108 



16. 1 



72 


62 1 






130 


96 < 


; 125 


96.6 



110 



96 
57 

71 I 

64 I 
65 

63 ; 

65 , 

69 I 

61 
59 
57 

62 I 
67.6 j 

67 , 

68 I 

70 I 
73 

69 



71 
72 
86 
76 

79 

87 
75 
83 



8 






17 



80 
59 
63 



104 
90 
85 
89 

104 

88 
102 
84 
98 
96 

92 

87 
86 
96 



88 

88 

108 

111 

112 

116 
102 
101 



90 
110 
111 




86 

28 

29 

37.5 

87 



9 

I 



■8 



18 



110 



160 
160 
160 
160 
160 

160 
160 
160 
160 
160 

120 
140 
180 
160 



868 
866 
368 
884 
396 

401 
400 
376 
428 
447 

384 
376 
384 
352 
878 

864 
862 
366 
374 
326 



340 
375 
896 
411 

348 
875 
384 
400 
387 

436 

483 
341 
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water'ttibe boiler, hummg oil — Continued. 





Average tempe 


ratures 


Oil. 


Steam. 


Water. 


i 


1 

a 


1 
1 


a 

1 


1 

1 
1 

1 


ill 

H 

■zsh 


i 


B 

si 

•s 

1 


at 

'111 

iill 

ml 


I* 
h 

If 

ti 


+ 

1 

1 
s 


1^ 

la. 
|ai 

III 


1 


§ 


1 


1 


0^ 


& 


Q ^ ^ ic 


s^ 


£ 


r^ 


1 


19 


20 


21 


22 


28 


24 


26 


26 


27 


28 


29 


86 




102 


418.5 


9,824 


6,727 


0.9767 


2.43 


101,917 


99,440 
66,923 


1.178 


117, 140 
78,053 


87.... 


•-••• 


97 


413.8 


6,960 


8.726 


.9749 


2.51 


67,620 


1.184 


38 




120 


413.5 


7,216 


8,744 


.9618 


1.82 


86,061 


84,495 


1.159 


97,930 


89.... 


610 


119 


413.8 


6,829 


8,936 


.9660 


1.50 


74,692 


73,672 


1.161 


85,417 


40.... 


662 


120 


418.8 


9,578 


4,207 


.9868 


1.42 


106.212 


106,676 


1.160 


128,748 


41.... 


644 


120 


413.8 


8,741 


3,098 


.9859 


1.41 


98,843 


96,966 


1.160 


112,468 


42.... 


714 


119 


413.5 


6,578 


1,680 


.9756 


2.44 


61,874 


59,876 


1.161 


69,516 


43.... 


698 


120 


413.5 


8,885 


2,688 


.9776 


2.25 


82,486 


80,680 


1.160 


93,530 


44.... 


775 


119 


418. 8 


6,005 


1,299 


.9761 


2.39 


54,872 


53,660 


1.161 


62,188 


45.... 


819 


108 


418.8 


10,460 


8,289 


.9762 


2.38 


108,257 


106,680 


1.172 


123,857 


46.... 


462 


119 


412.6 


5,758 


6,793 


.9831 


1.69 


67,548 


66,406 


1.161 


77,097 


47.... 


578 


120 


418.2 


5,245 


3,148 


.9836 


1.64 


68, M2 


57,975 


1.160 


67,251 


48.... 


487 


120 


413.8 


4,571 


5,368 


.9807 


1.93 


51,746 


50,747 


1.160 


58,866 


49.... 


535 


119 


418.8 


5,213 


4,016 


.9629 


1.71 


65,281 


64,836 


1.161 


63,084 


50.... 


743 


117 


413.8 


6,021 


3,878 


.9813 


1.87 


59.009 


57,905 


1.168 


67,343 


61.... 


722 


121 


412.2 


5,802 


3,197 


.9808 


1.92 


52,535 


51,526 


1.168 


69,667 


62.... 


767 


120 


412.2 


2,756 


1,619 


.9797 


2.03 


24,623 


24,123 


1.159 


27,958 


63.... 


788 


120 


410.3 


2,645 


1,381 


.9812 


1.88 


22,132 


21,716 


1.159 


25,169 


54.... 


867 


120 


411.3 


4,747 


2,702 


.9803 


1.97 


40,190 


39,896 


1.159 


46,662 


55.... 


571 


120 


410.6 


3,445 


4,240 


.9860 


1.50 


89,286 


38.649 


1.159 


44,794 


56.... 


579 


119 


411.3 


3,280 


2,926 


.9834 


1.66 


36,595 


35,987 


1.160 


41,746 


57.... 


600 


120 


411.3 


5,181 


4,737 


.9830 


1.70 


58,259 


57,268 


1.159 


66,374 


58.... 


792 


120 


411.9 


7,114 


3,801 


.9817 


1.83 


75,603 


74,219 


1.169 


86,030 


59.... 


930 


119 


411.9 


7,172 


3,685 


.9814 


1.86 


74,975 


73,580 


1.160 


85,353 


60.... 


1,053 


116 


411.9 


7,359 


2,869 


.9796 


2.04 


71,905 


70,438 


1.163 


81.919 


61.... 


598 


120 


411.9 


5,898 


4.833 


.9824 


1.76 


68,693 


67,484 


1.169 


78,214 


62.... 


746 


120 


412.2 


8,135 


4,319 


.9789 


2.11 


84,767 


82,978 


1.159 


96,171 


68.... 


791 


119 


412.9 


9,844 


3,841 


.9778 


2.22 


97,687 


95,618 


1.161 


110,896 


64.... 


827 


119 


413.6 


7,172 


2,909 


.9770 


2.30 


71,261 


69,621 


1.161 


80,830 


66.... 


727 


120 


412.9 


7,747 


2,140 


.9796 


2.05 


76,621 


75,050 


1.160 


87,058 


66.... 


896 


120 


411.9 


7,818 


4.175 


.9802 


1.98 


77,158 


75,630 


1.169 


87,656 


67.... 


774 


121 


412.2 


6,922 


3,085 


.9806 1.95 


72,298 


70,895 


1.168 


82,096 


68.... 


943 


120 


412.2 


7,945 


1.995 


.9770 2.30 


72.777 


71,103 


1.169 


82,408 


69.... 


675 


121 


411.9 


4,438 


3,895 


.9796 2.04 


49,630 


48,519 


1.158 


56,158 
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Economic results. 



()U fuel p<^r hour. 



a I 



1.. 

2., 
3.. 
4. 
5.. 

6.. 
7.. 
8.. 
9., 
10.. 

11.. 
12.. 
13.. 
14.. 
15. 

16., 
17.. 
18., 
19., 
20. 

21., 
22. 
23., 
24. 
25. 



27. 
28. 
29. 
30. 

31. 
32. 
33. 
34. 
85. 



1 






u 


^ • 


"^ 






^§ 




s. 


•a 


I 


3 


i% 


^« 


la 


g"S 


B* 


cy 


'S'O 


|> 


g + 


2a 




^8 


11 


«3 

1 


i 


Ik 


M 


tf 
> 


i'"^ 


< 


1 




10 


M 


SI 



1.3 11.15 

2.3 I 10.56 

I 12.74 

3.3 ^ 10.30 

; 12.54 






3.75 
! 



12.36 
11.52 
9.39 
12. 10 
11.66 

11.68 
11.77 
12.43 
12. 17 
11.38 



1 


10.16 


2 


8.94 


2 


9.95 


3 


9.17 


1 


10.82 



12.65 

11.57 

11.48 

10.022 

10.098 

9.774 

9.881 

I 10.227 

10.012 

10.758 

I 
10.285 

12.164 

12.83.) 

11.783 

10.794 



12.70 
12. 18 ! 
14.43 
11.73 i 
14.22 I 

14.12 
13.29 
10.77 
13.89 
13.47 I 

13.45 I 
13.58 I 
14.35 ' 
14.06 I 
13.00 

11.45 
10.19 
11.32 
10.54 ' 
12.87 ' 



14.42 
13.19 
13.11 
11.50 
11.57 

11.20 
11.40 
11.77 
11.60 

12.33 : 

11.85 
13.91 
11.09 I 
13.46 ' 
12.37 



^ 


og 






&. 


2^ 


>.« 


^s 




^T 




^fi 






11 

CO** 



S2 



0.303 
.474 
.153 I 
.387 I 

.280 ; 



.216 
.990 
.458 
.701 
.464 

.615 
.591 
1.062 
.742 
.599 

.2*5 
.157 
.297 
.356 
.627 



1.098 
.977 
.543 
.634 

.457 
.507 
.585 
.327 
.471 

.Xf2 
.416 
.487 
1.060 
.745 



2.89 
8.89 
1.06 
2.88 
1.97 

1.53 
7.45 
4.25 
5.77 
3.98 

4.41 
5.03 
8.54 
6.09 
5.26 

2.81 
1.75 
2.98 
3.89 
5.80 

8.51 
9.49 
8.51 
5.42 
6.29 



3.23 
3.42 
3.95 

8.92 
6.90 



n 






S4 



34.8 
87.4 
62.8 
36.7 
70 

U.4 
78.8 










81.4 

78 










16. 12 


7.94 



+ 

f 

& 
§ 

u 

5 

S6 

1,764 
2,296 

765 
2,867 

988.6 

832 
1,515 
8,803 

600 



4.68 


5.70 


5.74 





5.?2 


7.57 


3.27 





4.38 


" 



1,032 
1,122 
962 
1,152 
1,009 

1,563 
2,806 
2,107 
2,978 
1,969 

1,074 
1,085 I 
1,266 
1,999 I 
1,794 

1,810 
2,095 ' 
1,929 
2,040 
1,694 < 

I 2,485 

5.49 I 954 

7. 18 920 

11.48 ! 1.136 

7.96 1,718 



2S 

n 

li 

n 

S.'o 



86.15 

46.8 

15.25 

67.2 

18.6 

16.6 

80.2 

66.9 

11.97 

18.84 

20.67 
22.36 
19.15 
22.95 
20.12 

81.17 
45.97 
42.02 



I' 



c 

I 

I* 

5 + 

il 



a 
I 



S7 



0.88 
1.06 

.86 
1.35 

.44 

.39 
.71 
1.65 
.28 
.'43 

.48 
.53 
.45 
.54 
.4738 



69.39 


1.8983 


39.27 


.9244 


21.42 


.5042 


21.64 


.5094 


25.23 


.5940 


89.86 


.9887 


85.78 


.8422 


36.10 


.8499 


41.78 


.9838 


38.47 


.9067 


40.68 


.9578 


83.78 


.7962 


49.56 


1.1669 


19.08 


.4480 


18.85 


.4320 


22.66 


.5834 


84.17 


.8042 



S8 

535 

1,088 

117.5 

967 

262 

179.5 
1,801 
1,511 

421 

427 

632 
668 
1,021 
855 
608.9 



.7388 867.4 

1.0823 361.2 

9693 625.2 

1,062 

1,236.1 

1,084 

1,190.5 

1.235.6 

1,086.2 

1,242.8 

828 

1,187.8 

1,126.7 

668 

797.8 



886.7 

448.5 

1,190.5 

1.276.5 
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waJLerAuhe boiler^ huming oil — Continued. 







Water per hour 






(■himney gaH analysiH 






•e 




1 




CIS 












T 


s 


^•9 


tS22 . 


^t 








7" 




s 

1 

1 

1 


3- 


•ST 


s 

O hi s 

III 


«^ 








2 


"5 


if 
it 


it 
if 

i 


m 

Iff 

a S^ 


1 

i 

1 


1 

c 


I 

g 

1 


1 


o 
d 


"3 






III 


s 

1 


S 

o 


u 

5 


y. 


1 


89 


40 


41 


42 


4S 


44 


45 

8.77 


46 

1.60 


47 


1.... 


19,663 


19,327 


22,400 


447 


10.5 


6.97 


82.76 


2.... 


24,232 


23,745 


27,975 


558 


13.1 


6.96 


9.20 


1.20 


82.64 


3.... 


9,750 


9,593 


11,041 


220 


5.18 


7.24 


10.2 


.425 


82.135 


4.... 


29,635 


28,972 


33,683 


671 


15.8 


7.50 


10.4 


.3 


81.80 


5.... 


11,706 


11,540 


13,276 


265 


6.23 


7.70 


10 


.13 


82.17 


6.... 


10,280 


10, 125 


11,750 


234 


5.52 


7.68 


10.25 


.06 


82.01 


7.... 


17,447 


17,360 


20,187 


402 


9.45 


10.1 


6.64 


.275 


82.985 


8.-.. 


31,001 


30,629 


35,560 


709 


16.7 


7.87 


9.66 


.22 


82.25 


9.... 


7,294 


7,228 


8,333 


166 


3.91 


5.5 


13.05 


.27 


81.18 


10.... 


10,724 


10,669 


12,396 


247 


5.82 


6.99 


11.05 


.013 


81.96 


11.... 


12,057 


11,985 


13,899 


277 


6.52 


7.47 


10.66 


.086 


81.78 


12.... 


13,193 


13, 128 


15,230 


303 


7.15 


8.44 


9.29 


.014 


82.26 


18.... 


11,951 


11,914 


13,796 


275 


6.48 


7.70 


9.85 


.075 


82.37 


14.... 


14,014 


13,986 


16,196 


328 


7.60 
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TEST8 OF CENTRIFUGAL. BURNERS. 

While experiments were l>eing conducted with representative types 
of steam and air burners under the Hohenstein boiler, the possibility 
of using mechanical burners was given special consideration by the 
board. Some independent experiments were projected with centrifu- 
gal burners, and it is a matter of regret that other important work 
devolving upon each member of the board prevented extended con- 
sideration of this matter. 

As the possibility of spraying oil by means of centrifugal force 
looked inviting, two burners were built for experiment. In both 
burners the principle of the turbine was utilized as being obviousl}^ a 
practicable way of securing a high rotative speed in a simple manner. 
These burners were designed by Mr. Harve}' D. Williams, who was 
then secretary of the lx)ard. 

In the burner shown in fig. 26, the attempt was made to support the 
revolving part on a film of the steam discharged from the turbine 
buckets. This method of support was unsatisfactory, owing to some 
obscure action of the steam which caused the revolving part to gyrate 
excessively. 

The burner shown in fig. 27 was designed so as to utilize a ring of 
buckets that was formerly part of an experimental steam turbine. 
In this steam turbine there were five rings like the one used in the 
burner. The turbine was compounded in such a way that the outputs 
of power from the fiv^e rings were equal. The turbine, at a speed of 
15,000 revolutions per minute, gave 20 horsepower, with a consumption 
of about 20 pounds of steam per horsepower hour. By the use of 
diverging steam nozzles the single ring, as used in the burner, should 
give an eflicienc}' somewhat higher than one-fifth that of the com- 
pounded turbine. In other words, the burner turbine should, at a 
speed of 15,000 revolutions per minute, yield more than 1 horsepower 
on 100 pounds of steam per hour. 

In designing the burner, however, the consumption of steam was 
assumed at 400 pounds per horsepower hour. This was to allow, 
among other contingencies, for the unknown viscosity resistance of 
the thin film of oil flowing from the center of the disk to the periphery. 
Even with this seemingly ample allowance only one-ninth as much 
steam should be required as in the simple jet burner. 

The following brief notes, made each day during the tests with cen- 
trifugal burners, will probably best tell of the results accomplished 
and of the possibilities of development in this direction: 

SOLID PIVOT CENTRIFUGAL BURNER. 

Octoher ^7, 1902, — First official test using burner of form shown in 
fig. 27, but without the large spraying disk which was added later- 
Piped for steam and oil. Steam at 125 pounds gauge pressure. Nozzles 
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proportioned for 90 pounds gauge pressure. Turned on steam. Action 
of turbine and pivot very satisfactory. Turned on oil. Some oil seemed 
to escape from the bottom of the rotating part. Oil thrown off from 
milled edge was sucked downward, forming dome-shaped sheet of 
mist, edges of which met turbine buckets. Applied torch. Burner 
enveloped in flames. Flames rather gusty. Smoke varied with quan- 
tity of oil. Turned "off oil and steam. Turbine ruined, half of the 
buckets having been ruptured by centrifugal force. The buckets 
were probably at a red heat, however. Buckets collided with brass 
nozzle tips and beveled them off. 

STEAM PIVOT CENTRIFT'OAL BURNER. 

Octoher 28^ 1902. — First official test using burner of form shown in 
fig. 26. Piped for steam and oil. Turned on steam. Top did not 
revolve. Allowed some minutes for burner to warm up to tempera- 
ture of steam. Steam film afforded a f rictionless support, as expected, 
but top would rotate only slowly. Steam orifices are too small (8 by 
1 32 by 1 32 inches), and some of them are stopped up with dirt. 
Broke pipe connections. About a quart of unburnt oil on the ground 
where the burner stood. During the following day the steam pivot 
burner was dismantled, and the size of the steam passages was 
increased to about 1, 10 by 1 16 inch, giving them also rounded 
entrances and tapered exits. 

Octoher 29^ 1902. — Piped for steam and oil. Turned on steam. 
Top spun at a high rate of speed, but g3'rated excessivel}'. Gyration 
was against the rotation, i. e., like that of a body whose center of 
gravity is below the point of support. Hence gyration was not the 
effect of gravitation and must have been the effect of some action of 
the steam. Top offered a good deal of resistance to being lifted off 
the pivot when rotated b}' steam. Resistance appeared to be at least 
two or three times its weight. Bushed the hole in the pivot to reduce 
amplitude of gyration. (lyration not prevented; only reduced. 
Drove a wooden plug in the oil hole and made a solid pivot. Top 
spun perfectly. Cut a groove in plug to allow passage of oil. 
Turned on steam and oil. Applied torch. Burner worked properly. 
Oil ignited about 6 inches from burner. Outside diameter of flame 4 
or 5 feet. Flames seemed inclined to go out when torch was with- 
drawn, possibly due to the wind, which was quite brisk. When not 
ignited the burner makes a shrill, squealing noise. When ignited 
there is added a roar, due to the flames. When flow of oil was 
increased, the top was lifted as much as 3 inches from pivot and 
continued to spin on the jet of oil. When flow of oil was again 
reduced, the top fell back onto the pivot without mishap. 

October 30^ 1902. — Made a solid step of brass for pivot to spin on, 
the same as in the solid pivot burner. Made a disk 10 inches in diam- 
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Fig. 27.— Experimental centrifiigal burner, solid pivot design. 
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eter of stovepipe iron and fitted it for fastening onto either burner 
with two i-inch screws. 

October 31^ 1902, — Both burners now having solid pivots they will 
be referred to as the 8-jet burner (originally the steam-pivot burner) 
and the double-jet burner. 

The 8-jet Imnier. — Piped for steam and oil. Built a cylindrical 
furnace 4 feet in diameter and 4 feet high of loose brick, arranged as 
solid checkerwork, around the burner as a center. The plane of spray 
was about 14 inches above the ground. Openings were left near the 
ground for the entrance of air, and tire bricks were built in at the level 
of spraj'ing. There were eighteen air openings about 6 inches wide by 
8 inches high, equal to 864 square inches. Behavior of top satisfactory^. 
Turned on a ver^- little oil and caught specimen of spray on blotting 
paper. Turned on more oil and ignited. Steam pressure, 80 to 90 
pounds. Steam very wet. Oil pressure, 15 to 25 pounds. Oil pres- 
sure fluctuated about 5 pounds with each stroke of oil pump. Com- 
bustion occurred in puffs or gusts at intervals of two or three seconds. 
Gusts did not time with strokes of pump or with anything else that 
was noticed. Under these conditions the smoke was moderate. With 
more oil the gusts did not occur, but the smoke increased greatly. 
Oil and steam were varied by manipulation of valves with no note- 
worthy results. The experiment continued perhaps half an hour, 
until the brickwork became very hot, though not red-hot. Turned off 
oil and steam. Top was in perfect order and continued to spin a long 
time. The inside of brickwork was perfect!}' clean. There appears 
to be no tendency to deposit carbon. The outside of the brickwork 
was, however, black from the smoke and flames that came through the 
crevices. 

At the beginning of the experiment there was a chimney (12 bv 12 
inches outside dimensions) built of loose brick around the burner from 
the ground up to within about 1 inch of the spraying plane. The 
object of the chimney was to protect the burner and piping from radiant 
heat. But the chinine}' top appeared to suck the spray downward, 
partly into contact with itself. The chimney was, accordingly, tumbled 
down with an iron rod while the burner was in operation. The result 
was that the oil was now all burnt, whereas before much of it collected 
on the top of the chimney and ran down it to the ground. 

Double jet hurner, — During the interim cleared nozzle orifices, 
drove on a new bucket rim. and reduced width of oil slot to about ^ 
inch. Piped for steam and oil. The burner has the 10-inch sheet- 
iron disk for increasing the size of the spraying circle. Rebuilt fur- 
nace 4 feet in diameter and about 3 feet 8 inches high. Air openings, 
18 by 6 by 4 inches, equal 482 square inches. Turned on steam. The 
pressure at the boiler was 90 pounds. The turbine worked beautifully. 
Threw in a piece of burning oil-soaked waste. Turned on oil. The 
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combustion is much better than ever before. Free from gusts. Little 
smoke. There is, however, no wind, a condition not had in any pre- 
vious experiment. So much heat was developed that it was incon- 
venient to stand within 12 feet of the furnace. One could not continu- 
ally stand by the steam and oil valves. After about three minutes 
something connected with the burner suddenly gave wa\'. Shut off 
oil; the 10-inch sheet-iron disk had exploded. The oil flowed over the 
bottom of the disk, leaving the top unprotected from the heat. One 
side of the fractured disk was black with oil, while the other side was 
blue from the heat. The buckets of the turbine were apparently 
unchanged. Turned on steam again, adjusting quantity so that tur- 
bine gave about the same whistling note that it gave during the com- 
bustion experiment. A violin was brough from the U. S. S. Bodgers^ 
and after tuning it was found that the turbine note was one octave 
above the open E string. There are 32 buckets on the turbine. This 
makes the speed of the turbine about 2,500 R. P. M.* 

Xavemher 3^ 1902, — Made a disk of sheet iron Vj-inch thick and 10 
inches diameter, and fastened to burner in such manner that the oil 
flows over its upper surface. Assembled burner and repaired circular 
furnace, making it 38 inches high and 4 feet in diameter. Tried 
burner at 5 p. m. It seemed to work satisfactorily in all respects. 
The oil was able to protect the disk from overheating during the few 
minutes that the experiment lasted. Speeded up turbine without 
igniting oil and caught samples of spray on blotting paper. 

Xoveinher 8^ 1902, — Repaired brick wall. Steam at 90 pounds. Oil 
at 25 pounds. Turned on steam. The burner began spinning all right 
and soon attained speed. Ignited some kerosene-soaked waste and 
dropped it beside the burner. Turned on oil. There was instant 
ignition. Stepped aside to observe the effect. More oil was being 
supplied to the burner than it could take and spra}" properly. Much 
oil was escaping downward from the burner. Could not shut off the 
oil at the valve on account of the intense heat. Ordered it shut off at 
the pump. Oil continued to flow on account of the air chamber on 
the pump. Something exploded and demolished one side of the fur- 
nace. The turbine ring had broken loose. The ring was merelj" 
driven onto the cast-iron center. The heat and centrifugal force had 
been sufficient to expand it to the degree of making it loose. When 
free it tore off the 10-inch disk. The cast-iron center continued to 
spin for some time. Half the buckets were torn off the turbine ring. 
The 10-inch disk can be used again. 

Novemher 11^ 1902, — Burner again ready for trial. A new turbine 
ring has been driven on and fastened with three i-inch screws. The 

*It was unfortunate that we had not a more reliable means of determining the speed, since this 
result seems questionable. The buckets of the turbine could safely withstand 15.000 revolutions per 
minute, and at sue' a speed, barring mishaps, the spraying would have been far more effective. 
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10-inch disk is fastened as before. Oil passageways through the cast- 
iron center have been somewhat enlarged. 

Ni/vernher 15^ 1902. — Assembled the 2-jet burner and connected 
pipes as heretofore. Instead of a brick wall around the burner, two 
curved boiler plates from the scrap pile were used. The lower edges 
of the plates were lifted off the ground by the thickness of three 
bricks. The plates made an inclosure about 5 feet in diameter and 4: 
feet high. Turned on steam from the main boiler. Placed some oil- 
soaked waste on the ground within the inclosure and ignited it. Oil 
pump started and orders given to keep oil pressure at about 20 pounds. 
When the oil valve was opened there was instantly an intense com- 
bustion within the inclosure. The heat was so great that the oil sup- 
ply had to be reduced. The volume of the fire was as easih' controlled 
at the valve as in a common gas jet. After about five minutes the 
burner went to pieces, caused by the backing out of the supporting 
pipe where it screws into the pipe fitting on the pedestal. 

Summary. — The steam pivot l>urner was a failure from the start, 
and it is not considered advisable to attempt to correct all its faults. 

The solid pivot burner failed at first because the oil was not thrown 
oflf from its greatest diameter, and afterwards because some of the oil 
escaped downward and burnt underneath, thus heating the burner, 
and finally from the parts not being securely fastened together. 

CONCLUSIONS AS TO CENTRIFU(4AL BURNERS. 

First. The oil should lye thrown off from the largest diameter of 
the burner. 

Second. The burner must be so arranged that the only outlet from 
the oil leads to the intended spraying edge. The construction of the 
experimental burner was such that part of the oil went wrong when 
the amount fed was greater than a certain maximum or less than a 
certain minimum. 

Third. The oil should be introduced at the center of the spi-aying 
disk and flow over the whole of the surface exposed to the radiant 
heat. 

Fourth. All parts should be secured b}' fastenings, which are more 
reliable than mere friction, however great; otherwise the very high 
speed of rotation will shake them loose. 

Fifth. There is no evidence that the amount of oil flowing through 
the burner is not amply able to keep it at a safe temperature. In fact, 
the. cooling power of the oil compared to the amount of surface of the 
burner is many times greater than the cooling power of water com- 
pared to the heating surface of a boiler. The ratio is from 25 to 200 
or 300 in favor of the oil. 

Sixth. By leading the air required for combustion in along the 
burner head or burner mechanism, the inrush of air can itself be made 
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to absorb much of tho heat which the disk receiver from radiation, the 
air thus constituting a cooling medium to the mechanism. 

Seventh. These experiments were all conducted in the open air and 
some of them in a wind. Hence there was little of the benefits 
derivable from the presence of glowing furnace walls. How much 
this affected the result is, of course, uncertain, but it is the opinion of 
many who witnessed the experiments that the presence of hot furnace 
walls would have resulted in a very great improvement, 

PROPOSED CENTRIFUOAL BURNER. 

Mr. Williams, the designer of the foregoing burners, after careful 
study of the principles involved and the results of these tests, designed 
a new burner which is shown in fig. 28, but the construction of this 
burner was not completed in time to be experimented with before the 
conclusion of the main series of boiler tests. However, as designed, 
this proposed burner shows many features which it is known can be 
employed in forming a successful means to atomize oil by centrifugal 
action. 

In this burner but one disk is used, this disk constituting both the 
spraying edge and the medium to carr}' the steam turbine bucketi*. 
The buckets are riveted to the disk of saw steel in a circle one inch 
within the edge of the disk. The steam turbine nozzle is located 
within the circle of buckets, and blows it« steam outwards, as shown in 
the upper part of the figure. To gain economy in steam consumption 
the precise form of the De Laval nozzle or tuyere is used, which noz- 
zle it may be said has the property" of increasing the velocity of the 
issuing steam to its highest point, and the buckets passing within this 
jet of high velocity have imparted to them the energy derived from 
the jet. The amount of steam used is so small that one jet should be 
amply sufficient to exert all the centrifugal force required to effect the 
necessary vaporization with oils of usual consistency. The pivot itself 
is arranged so as not to require any outside lubrication, this being 
effected by a small bj^-pass of the oil to the outside sleeve of the fixed 
pivot. 

The fuel oil, under a slight pressure from the pump, is caused to 
pass up through the center of the mechanism to the top of the spray- 
ing head. It is here caught by the rapidly whirling disk and flung 
away with high velocity from the revolving edge. This passage of 
oil over the disk constitutes in a measure a cooling jacket to protect 
the metal of the disk from the intense i-adiation of the furnace from 
above. Cooling on the under side of the disk is effected by taking in 
a portion of the air supply through a flared opening in the grate 
immediately under the revolving disk. The action of the furnace 
draft, together with the steam blast created by the steam tuyere, tend 
to produce a sharp flow of air immediately under the rapidly revolving 
portion of the disk. 
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Fig. 28.— Propoeed Willlamfl centrifugal burner, solid pivot. 
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The burner as thus constructed would natumlly be regulated by 
controlling the oil supply, the entrance of steam being kept at a point 
to insure the maximum rotation of the disk. 

In the practical introduction of these burners into fire boxes they 
would probably be located in the center of grates of square fire-box 
furnaces, and the air supply would be brought in, as indicated, mainly 
around the burner, and additional air, as needed, through proper open- 
ings in the grate. For purpose of use in furnaces of Scotch boilers it 
would be desirable to place the rotating head in the end of the furnace 
casting, and require the disk to revolve in a vertical plane. With 
small-size Scotch furnaces it would be necessary to reduce the diam- 
eter of the disk and increase the speed of rotation by use of one or 
more steam jets. 

32196—04 18 
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Fio. ^.—Burner No. I.— In thifl burner it was found that with a pressure of 5 pounds the appliance 
worked well. The flame was very short and combustion good. When the pressure was below 5 
pounds the operation of the burner was not satisfactor)', as the flame was not circular and oil 
dripped considerably. 




Fia. SO. — Burner No. f. — With this burner the pressure of air could be reduced to about 1 pound. 
The atomizing of the oil was exceedingly satisfactor)'. The flame was very short and mild, show- 
ing a decided improvement over burner No. 1. The efficiency of this burner was due in part to 
the very shallow mixing chamber, which is marked "A" on the drawing. With this arrangement 
the oil flowed in very thin streams into the path of the i.«8uing air. There was a satisfactory mixing 
of oil and air, thus insuring complete combustion. This burner has recently been tried by using 
steam as the atomizing agent and satisfactory results have been secured. 




Fig. Zl.— Burner No. 5.— This burner could 
not be used with pressures lower than 
12 pounds. With a pressure of 20 pounds 
for atomizing purposes, the appliance 
worked very well, but complete com- 
bustion was not effected near the front 
of the furnace. There was also exces- 
sive roaring noise when such high pres- 
sures were used, thus making it objec- 
tionable for general use. 



SUPPIiEMENTARY EXPERIMEI^rS CONDUCTED. 

As a direct result of the preliminary report submitted by the board, 
there were special experiments conducted by individuals, and in many 
cases the general results of these experiments have been submitted to 
the Bureau of Steam Engineering. Attention is called to the several 
designs of plugs used in a series of tests, which were made under the 
direction of the marine engineering experts of the New York Ship- 
building Company, of Camden, N. J. , to ascertain the effect of spraying 
the oil through various sized holes drilled spirally through a plug 
or cap fitted to the end of various burners. It may be incidentally 
stated that the steamers Neoadan and Nebraskan^ plying between San 
Francisco and Honolulu, are equipped with burners wherein such dis- 
tributing plugs are fitted. This series of tests, conducted under the 




Pig. 82. — Burner JN'o. L — In order to obviate the diflSculty experienced with burner No. 3, several 
forms of deflectors were made, which resulted in reducing the length of the flame in the furnace. 
It was also found with these deflectors that the atomizing pressure could be reduced. The fact that 
the roaring noise could not be obviated even with deflectors showed the disadvantage of this 
particular type. At no time could fairly good combustion be secured with this design where the 
atomizing pressure was less than 10 pounds. 

special direction of Mr. L. D. Lovekin, of the New York Shipbuild- 
ing Company, undoubtedly established the fact that efficient results 
could be secured by reducing the size and increasing the number of 
the holes drilled through the end plug, taking particular care, how- 
ever, that the holes should be drilled spirally at an angle that would 
permit a short and evenly distributed flame and one well spread near 
the burner end. The various modifications of plugs are shown in the 
appended sketches with the general results obtained after comparative 
experiment with the several designs. 
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Fig. 38. Fig. 8Sa. 

Figs. 33 and Z3a.— Burners Nos. 5 and tf.— The only difference in these burners Is In the modlflcatlon 
of their tips. These minor changes were made to notice the effect of curving the ends of the 
deflectors. The result showed no appreciable difference In effect. It was also found with this form 
of plug that the oil would flow very unevenly. The absence of a central guide for the steam in 
both these designs possibly Interfered with the natisfactory operation of the appliance. 
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Fig. ^.—Burner No. 7.— This burner was designed to note the effect of installing a central tube. It 
was a development of burners Nos. 5 and 6. The results obtained showed the Ijeneflt of having 
such an arrangement. With a central tube it was shown that with the proper manipulation steam 
of 25 pounds pressure would be sufficient for atomizing purposes. 



BXTEKT or RESEARCH WORK ANB INVESTIGATION CON- 
DUCTED BY THE BOARD. 

In the investigation of the important problem of attempting to 
determine the value of liquid fuel for naval purposes the board made 
special effort to note the development as regards the use of liquid fuel 
secured by the industrial and maritime world. The oil-fuel installa- 
tions of several ocean-going steamers were carefully examined under 
actual working conditions. The installations projected by various pro- 
moters were critically inspected. The operation of various patented 
oil-fuel devices installed at several industrial establishments were 
reported upon, so that the board could ascertain by comparative 
observation and study the trend of development of oil-burning under 
various conditions both for manufacturing and marine purposes. 

Hundreds of letters have been received from technical experts 
throughout the country, and the conclusions reached b}'' the board 
represent a vast amount of research, investigation, and experiment. 
The board can unhesitatingly state that both upon the part of the 
engineering profession and of skilled labor there is a general desire 
to have oil supplant coal as a fuel for practically every purpose. The 
prejudice in favor of oil is so great that it is strikingly significant that 
the general public is told very little concerning the disadvantages, but 
is repeatedly reminded of every advantage accruing from the use of 
oil as a fuel. The desire to use liquid fuel thus practically exists every- 
where. When manufacturers, however, attempt to secure some guar- 
anty that the numerous promises made as to reduced cost and assured 
supply will turn into performances, then become manifest the hin- 
drances to the use of oil as a fuel. It may also be said that up to the 
present time, except upon the Pacific coast and in certain portions of 
the East Indies, the more carefully shipowners inquire into the finan- 
cial, structural, and transportation features of the oil-fuel problem, 
the less inclined they are to dispense with the use of coal in the f urnacSes 
of their boilers. 

THE OIL-FUEL INSTALLATION OF THE STEAMSHIP MARIPOSA. 

The board believes that the observation and report of Lieut. Com- 
mander Ward P. Winchell, U. S. Navy, as to the installation of oil-fuel 
appliances on board the steamship Maripom should be considered in 
connection with this extended series of tests, since the data secured in 
regard to the performance of that vessel was collected with exceeding 
care, this officer having made the round trip on the vessel as the repre- 
sentative of the Bureau of Steam Engineering, Navy Department. 
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The extent and character of the information secured by this oflScer 
suggests the advisability of detailing other oflScers for special duty of 
this nature. The board is of the opinion that if several commissioned 
officers could be employed continuously^ in this work for one or two 
years there could be secured sufficient reliable information to justify' 
the Department taking decided action as to the advisability of exclu- 
sively equipping even a large-sized warship with an oil-fuel installation. 

The board, after making inquiry, has been impressed with the 
number of officei-s who are read}^ to volunteer for such work, and who 
are specially fitted for this particular duty, and there is no doubt but 
that naval interests would be subserved by such details. 

As it can be expected that several mercantile vessels will make the 
round voyage between the Pacific and the Atlantic coast during the 
coming year, using oil exclusively as a fuel, the board specially recom- 
mends that arrangements be perfected wherebj'- a commissioned officer 
could be detailed to the special duty of observing and reporting upon 
the effectiveness of every oil-fuel installation subjected to such ex- 
tended service. 

THE VOYAGE OF S. S. MARIPOSA, USING AN OIL-FUEL INSTALLATION 
EXCLUSIVELY UNDER HER BOILERS. 

The following is a description of the steamer Mariposa^ of the 
Oceanic Steamship Company, as fitted for oil-fuel burning, with an 
account of the preliminary trial trips of the vessel as witnessed by 
Captain H. N. Stevenson, U. S. Navy; also the report of Lieut. 
Commander Ward P. Winchell, U. S. Navy, who officially represented 
the Department on the round trip of the steamer between San Fran- 
cisco and Tahiti. 

REPORT OF CAPTAIN H. N. STEVENSON, U. S. NAVY, ON THE OIL- 
BURNING FITTINGS OF THE S. 8. MARIPOSA. 

The Mariposa is a single-scre^v iron steamer, built at the yard of 
William Cramp & Sons, Philadelphia, Pa., in 1883. She recently had 
new engines and boilers installed by the Risdon Iron Works, San 
Francisco, Cal., the oil-burning plant having been installed by the 
same company. 

This vessel has been employed in the Pacific trade, and is now run- 
ning to Tahiti from San Francisco, making the round-trip voyage of 
7,320 knots each month. 

Description of the Mariposa. 

Gross tonnage 3, 160 

Length between perpendiculars feet. . 314 

Beam : do 41 

Mean draft do 22 

Depth of hold do.... 17A 
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There is a single bottom with four water-tight athwartship bulk- 
heads, and two masts, square rigged on the foremast. 

The total crew was foraierly 81, but since the change from coal to 
oil burning 16 men have been taken out of the engineer's force, 
reducing the crew to 65 men and making the engineer's force for oil 
burning 20 men, as follows: 1 chief engineer, 3 assistant engineers, 3 
oilers, 1 electrician, 1 attendant for ice machine, 1 attendant for air 
compressor, 3 water tenders, 6 firemen, 1 storekeeper; total, 20. 

THE ENGINES AND BOILERS. 

There is one triple-expansion engine of the inverted direct-acting 
type, with cylinders 29 inches, 47 inches, and 78 inches by 51-inch 
stroke, designed for 2,500 indicated horsepower, fitted with piston 
valves on the high pressure and intermediate pressure and slide valve 
on the low-pressure cylinders, all driven by link-motion. The con- 
denser is part of the back framing. The cylinders are not jacketed. . 

The air, feed, and bilge pumps, of which there are two sets, are 
driven from the forwai-d and after crossheads. The centrifugal cir- 
culating pump is driven by a separate engine. The 4-bladed propeller 
is 16 feet 6 inches diameter and has a pitch of 23 feet. 

There are three cylindrical tank boilers placed fore and aft in the 
line of the ship — two are double ended, 15 feet 3 inches diameter by 17 
feet 3 inches long, and one single ended, 14 feet diameter by 9 feet 9 
inches long, the latter placed amidships forward of and worked from 
the forward fireroom. Each double-ended boiler has six corrugated 
furnaces; the double-ended boilers have a common combustion chamber 
for opposite furnaces, while the single-ended one has a common com- 
bustion chamber for its three furnaces. There is one smokestack for 
all the boilers. The combustion chambers of the double-ended boilers 
have a brick bridge wall, and the back sheet of the single-ended one is 
- covered with fire brick. The decision to use oil in place of coal was not 
made until the changes in engines and boilers were well under way, 
and it was decided to put the ship on the route to Tahiti. The steam 
pressure averages 180 pounds. There is one auxiliar}' boiler, two- 
furnace return -tube type, in upper fireroom hatch, and fitted to burn 
coal only. 

THE OIL TANKS. 

These were constructed out of the old coal-bunker space forward of 
the boilers, and as the steamer is intended to carry oil for the round 
trip of about 7,320 miles some additional space had to be taken from 
the forehold. They are arranged as follows: Just forward of the 
boiler space a solid water-tight bulkhead, well braced, was built from 
the berth deck to the single bottom of the ship, extending to the 
single skin of the ship, from side to side; 4 feet, or two frame spaces, 
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forward of this was also built another similar solid bulkhead, which 
formed the after ends of the oil tanks; 48 feet farther forward another 
similar solid bulkhead was built to form the forward ends of the oil 
tanks, and 4 feet forward of this another solid bulkhead. The spaces 
of 4 feet at each end of the tanks being a cofferdam space to catch any 
oil from leakage or accident, these cofferdam spacas can be filled with 
water if necessary. The tank space is divided into six tanks by a 
middle bulkhead and two side partitions. Splash plates to break the 
impact of rolling are placed in each tank, a small opening at the top 
allowing any accumulation of gas to pass off to the ventilating trunk. 
Small openings at the bottom allow free communication for the oil. 
Along the top of the tanks is provided an expansion head or trunk, 
being 4i feet high and 44^ feet wide. Over each a ventilating tnmk 
connecting with the top of each tank extends up to about 5 feet above 
the hurricane deck* The cofferdam spaces are ventilated by tubes 
reaching to the upper deck, fitted with cowls, one tube reaching to 
near the bottom to carry off any heavy gas that might accumulate 
there. From the upper deck the sounding pipes to each tank are 
reached. There are no pipes in or through the tanks except those 
connected with the oil service. The total capacity of the tanks, exclu- 
sive of expansion triink, is 6,338 barrels of oil— about 905.43 tons. 
One barrel of oil equals 42 gallons. 

To fill the tanks, on the port side outside the ship a 6-inch hose 
connection is fitted. From this a pipe leads to the forward fireroom, 
where the tank oil pump is placed. This pump, horizontal duplex, 
steam cylinders, 9 inches, oil cylinders 8i inches, stroke 10 inches, can 
be used to draw its supply from the pipe and deliver into each of the 
tanks, or by using by-passes, which are provided, the oil barge along- 
side can fill all the tanks. An overflow pipe from each tank, carried at 
height of the deck above them, leads to an overflow outside the ship 
near the supply-hose coupling. 

There are two service or settling tanks placed in pockets formed on 
either side of the single-ended boiler. They are reached by doors 
from the forward fireroom. Each of these tanks holds about twelve 
hours' suppl}'. They are filled by the oil-tank pump and have over- 
flows back to the main tanks. Ventilating tubes lead from near the 
bottom of the pockets in which they are placed to the smokestack. 

Each service tank is provided with gla.ss gauges, by means of which 
the amount used every hour or watch can be easily measured. 

Each settling tank has two suction pipes, one at bottom to draw off 
water if necessary, the other at a height of about two feet for the 
oil supply to the service pumps. All the tanks are provided with 
manholes to reach the interior. 



THE GRUNDELL-TUCKER BURNER. 

Burner used on 8. 8. Maripom. 
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THE OILrSBRVICE PUMPS. 



The oil-service pumps, of which there are two — horizontal duplex, 
steam cylinders 6 inches, oil cylinders 4 inches, and stroke of 6 inches, 
one being large enough to supply all the burners — are placed in the 
forward fireroom on either side. They draw their supply from the set- 
tling or receiving tank through removable strainers placed so they can 
be easily changed for cleaning, and discharge into the bottom of the 
small heating tank near them, where the oil is heated by a steam coil 
to not more than 150^ F., and thence by a pipe to the burners. The 
air from the compressors, under a pressure limited to 40 pounds, dis- 
charges into the top of the heater tank on its way to the burners, so 
that the oil and the air go to the burners under the same pressure. 
The heater tank is provided with glass gauges; also a float to work a 
telltale and automatic control of oil-supply pump. 

THE AIR COMPRESSOR. 

The air compressor is placed in a pocket off the upper engine-room 
platform, and consists of duplicate steam and air cylinders connected 
to a crank shaft carr\'ing a fly wheel turning between the cylinders. 
Either set is large enough to supply all the air necessary. The air 
compressor is horizontal, double-acting, duplex. Air cylinders 22 
inches, steam cylinders 12 inches, diameter, by 18-inch stroke for all 
cylinders. Capacity equals 1,000 cubic feet of free air per minute 
compressed up to 30 pounds at 120 revolutions per minute. Air is 
used at the heat of compression or as heated by the air heater. 

THE ATOMIZER. 

The atomizer, for which patents are pending, is the joint invention 
of Messrs. Grundell and Tucker, San Francisco. 

The atomizer, shown in fig. 36, consists of a hollow plunger for the 
oil, screwed into a pipe through which the air passes. The outlet for 
the oil is through a series of small holes at right angles to the central 
hole; the air meets the oil through spiral directors and is sprayed into 
a rose shape by the expanded end of the atomizer 

The air and oil pipes have globe valves to regulate the supply of 
either; also plug cocks connected together to a handle, by means of 
which each burner can be shut off immediately, in case of necessity — 
a slow-down bell, or other cause. The air-supply pipe is also con- 
nected to the steam line so that steam can be quickly substituted for 
air, if desired. The length of the oil plunger is adjustable, to give the 
best form to the rose-shaped flame. Two burners are fitted to each 
furnace. 

THE AIR HEATER. 

A part of each furnace front is a hollow iron casting, through which 
the air passes on its way to the atomizers and becomes heated. The 
chamber surrounding the burner is lined with a crucible lead lining; 
a by -pass to the burners is provided for use in case of accident to the 
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heater. The lower part of the furnace front is a door on hinges that 
can be fastened open at any desired degree to give air for combustion. 
There are also two louvres in the door for the same pui-pose. Near 
the front of the furnace inside the door is placed a brick wall made to 
deflect upward the inward current of air to meet the rose-shaped 
flame from the burners. There is ample space over the brick wall 
for a man to enter the furnace through the ash-pit door. The double 
furnace combustion chambers have a brick bridge wall reaching above 
the top of the furnaces, and in the single-ended boiler the common 
combustion chamber has the back sheet covered with fire brick to 
protect it. 

THE TRIAL TRIPS. 

Two trial trips with the vessel under way were made on July 5 and 
11, the vessel being under way about eight hours each day, running 
from the vessel's dock to the Farallone Islands and return. These 
trips were made for the purpose of ascertaining if the oil apparatus, 
as well as the new engines and boilers, were in good working condi- 
tion. On the first run the boilers primed badly, owing to the dirt not 
having been thoroughly cleaned out of them. Before the second run 
the boilers were cleaned, and then worked well. 

The strainers on the oil-supply pipes were not finished, and consid- 
erable trouble was found with dirty oil, which clogged the burners. 
Neither the telltale to show the height of oil in the heater tank nor 
the controlling device for the oil-service pump were fitted, not being 
finished in time for use. No attempt was made to measure the amount 
of oil burned nor to attain the maximum speed, and it was therefore 
impossible to obtain any data other than observation of the working 
of the oil apparatus. 

Very few of the fire-room force had ever had any experience with 
oil burners on steamers, and one object of the trials was to give the 
force practical experience. When properly regulated the burners 
gave no smoke, but that they were not properl}'' regulated is shown by 
the fact that more or less smoke was visible most of the time, and at 
times dense black. Owing to lack of the telltale and regulating device 
of the small heating tank the pump tender once allowed this tank to 
fill up and the oil to flow over into the air pipe and flood the burners. 
As soon as this was discovered everv burner was immediatel}'^ shut off 
b}'^ means of the lever connecting to the plug cocks on the oil and air 
supply pipes at the burners. 

The atomizer tubes were unscrewed and on some of them, where the 
oil had caked, considerable force had to be applied to pull them out. 
New, clean atomizers were screwed in, and as soon as the oil-heater 
tank could be brought to the proper oil level the burners were started 
again. Some steam pressure was lost during this delay, but the engines 
did not stop nor slow down very much; some of the burners were started 
in a few minutes and all of them in less than fifteen minutes. The 
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value of being able to shut off the oil and air quickly and clean or sub- 
stitute other atomizers was shown by this mishap. The burners made 
considerable roaring noise, and the air pressure was, in order to clean 
the burners from dirt, carried at about twice the intended pressure, 
owing to the ineflSciency of the strainers, which allowed dirty oil to 
choke them. They had to be taken out frequently for cleaning. By 
shutting off with the lever, the regulating valves were left in adjustment 
for starting the fire again, provided it was right before. The new fire 
is started by a torch inserted into the plug hole around the burner. 

On the second run the strainers and regulating device for the heater 
tank had been completed. The oil apparatus was handled with greater 
ease and uniformity, and the less amount of smoke was very notice- 
able. For intervals of an hour or more scarcely any or none would be 
observed. On the run in from the Farallones the engine was speeded 
up to 74 to 77 turns, and an average speed of 14i knots was obtained. 
The steam pressure was uniformly maintained at the point desired 
without diflSculty, and the oil-burning apparatus gave no trouble what- 
ever and worked well. 

The oil used on both runs was from the Kern River district, near 
Bakersfield, Cal. 

The following data was observed: 

Steam pressure pounds. . 160-170 

Revolutions of engine 74-77 

Revolutions of air compressor 60 

Pressure of air pounds. . 20 

Temperature of oil entering heater ®F.. 80 

Temperature of oil leaving heater do 120-130 

Temperature at base of stack do 750 

It is regretted that the nature of the trials did not permit of obtain- 
ing a greater amount of data beyond observing the apparatus in use. 

The chemist at the New York navy-yard submitted the following 
report upon the sample of the Kern River district oil sent him for 
analysis: 

The sample is practically free from low boiling naphtha, as on distillation only a 

small percentage passeii over below 150® C, and less than 10 per cent helow 225** C. 

A boiling point above 360° C. was reached before the second 10 per cent was collected. 

It shows on ultimate analysis the following composition: 

Per cent. 

Carbon 84. 43 

Hydrogen 10. 99 

Nitrogen 65 

Sulphur 59 

Oxygen 3.34 

This gives a calorific value, by Dulong's formula, of 18,806 B. T. IT. The specific 
gravity at 60° F. is 0.962. Flash point, 228° F. Fire point, 258° F. Vaporization 
point, 178° F. Loss for six hours at 212° F., 12.01 per cent. 

H. N. Stevenson, 
Caj)ta{n, U. S. Navy. 
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REPORT OF LIEUT. COMMANDER WARD WINCHELL ON THE VOYAGE OP 

THE MARIPOSA. 

U. S. S. Boston, 
At Sea, August 15, 1902. 

Sir: In accordance with the Department's telegraphic order of July 
7, 1902, delivered July 8, 1902, and the instructions from the Bureau 
of Steam Engineering, dated July 7, delivered a few minutes before 
sailing, I took passage on the Oceanic Steamship Company's steamer 
Mariposa, leaving San Francisco at 10 a. m. July 15, 1902, for the 
round trip to Tahiti. 

In accordance with the instructions of the Bureau, two sets of indi- 
cator cards were taken each day, making forty-five sets in all, the 
data of which were worked up. 

There have been no tests to determine the evaporative efficiency of 
the two main double-ended boilers used on the run, and I regret to 
report that the chief engineer of the ship was unable to improvise any 
apparatus by which the amount of feed water could be determined 
with accuracy enough to give data of any value. 

The amount of oil is a matter of nmch importance, since the tanks 
hold barely enough to make the round trip, and but one day's supply 
of coal was aboard. The oil was measured first by the amount pumped 
into the two settling tanks, as shown in inches on the scale back of the 
gauge glasses on the tanks; second, this amount was checked by the 
number of inches used out of each tank for each watch; third, another 
check, and the one considered most accurate as dealing with large 
quantities and small errors, was by sounding the tanks from time to 
time and comparing the amounts taken out with the expenditures in 
the log. The latter method gave a correction which was applied to the 
daily log, increasing the AsA\y expenditure slightly, as summed up by 
inches in the settling tank. 

The most careful inspection at Tahiti failed to show any bad effect 
of the flame upon the boilers. Neither leaks nor defects developed 
anywhere about them and there was no difficulty at any time in feeding 
the boilers. Having been ordered to the U. S. S. Bonton immediately 
upon my arrival at San Francisco, the opportunity was lost for again 
inspecting the boilers, but no defects showed from the outside. At 
Tahiti the tubes were swept by tube scrapers, and back connections, 
uptakes, ash pans, and furnaces were cleaned. All the refuse from 
these various places barely filled two ash buckets. 

This refuse, mainly soot, was the result not only of the twelve days' 
run to Tahiti, but also of the three preliminary trials by the contractors. 
The first one, a four-hour trial of engines and boilers, was made with 
Comax coal, and the other two were free runs at se^, of about eight 
hours' duration each, burning oil. The tubes had never been cleaned 



rs 



8. 8. MARIPOSA: LIEUTENANT WINCHELL's REPORT. 281 

previous to arrival at Tahiti. It is the intention hereafter to make the 
round trip of twenty-four days' steaming without sweeping tubes. 

There are no precautions other than those usually taken on board 
ship, to guard against fire or explosion. All spaces to which oil has 
access are well ventilated by both inlet and outlet ducts. The oil is 
a thick dark fluid, like molasses, and in the open air burns slowly, 
giving off much smoke. But it gives off volatile gases which form 
explosive mixtures with air, tanks empty or nearly so being more 
dangerous than full ones in this respect. The ship is electrically 
lighted, but in addition an open hand lamp is burning in the fireroom 
all the time to light the burnei's; the firemen smoke on watch, and the 
oil is treated no more tenderly than if it were coal. On the run back, 
the cargo of copra was stored all about the expansion trunk, which 
projects up 4^ feet between decks, completely covering the tanks and 
making them inaccessible for examination. 

Of the 6 firemen, 3 were relieved from watch the second day out, 
leaving but 1 man on a watch to fire 12 furnaces in two different fire- 
rooms separated by the length of the double-ended boilers. The water 
tender did not touch the burners except in emergency, his duty being 
to 'tend water, fill settling tanks and record height of oil in them, 
record temperatures of oil at settling tank and in heater of fireroom 
and of superheated air, take reading' of lower pyrometer where the 
two uptakes meet, and run oil pump supplying oil to the settling tanks 
and small oil pump supplj'ing oil to the oil heater. 

As a coal burner the Mariposa formerly had the following engineer 
force: 1 chief engineer, 3 assistant engineers, 3 oilers, 12 firemen, 12 
coal passers, 3 water tenders, 1 messenger, 1 storekeeper; total, 36. 

A reduction of 16 men in the fireroom force is effected by oil burn- 
ing. At sea she needs now but 3 firemen, but carried 6. This would 
reduce the force by 19 men. 

Temperatures of firerooms seem to be about what one would expect 
in coal burning, but the temperatures of the uptake and smoke-pipe 
gases run high, the maximum being 925, which shows an undue loss of 
heat here. The temperature of the oil in the settling tanks ranged 
between 68^ and 100^ F. on the trip out and between 90° and 108° F. 
on the trip back. 

The oil auxiliaries comprise 1 large oil pump, 2 small oil pumps, 2 oil 
heaters, 1 air compressor, and 4 strainers. 

There is a steam-pipe connection to blow out the oil strainers, and 
another one to blow out the oil burners when clogged. 

On August 3 the air compressor needed overhauling, and steam 
atomizing was kept up for two and one-half hours until the compressor 
was again working. During this time the evaporator supplied enough 
feed water to use 20 burners; the engines were not stopped while 
shifting from steam to air atomizing, and averaged 67.8 turns for the 
two and one-half hours. They had before been making 70 turns. 



282 NAVAL ''liquid fuel" bepobt. 

At first 2 firemen and a water tender were on watch at a time, each 
fireman having 1 fireroom of 6 furnaces, or 12 burners. The men had 
but little experience, combustion was poor, much smoke was made, 
much oil burned, and poor speed attained. To locate the responsi- 
bility for bad adjustment of burner valves, but 1 fireman was put on 
at a time to attend 12 furnaces (24 burners). This made an improve- 
ment in the combustion. 

Unfortunately, the top of the funnel can not be seen from either 
fireroom, and while the fireman can tell by the appearance of the flame 
as shown in the sight hole, or even by the roar of the burner, when 
the combustion is perfect, in designing a boiler room for liquid fuel 
the ventilators should be so arranged that a view of the top of the 
smoke pipe can be had from each fireroom. 

The work of the fireman would be even easier than it is and better 
results attained if the oil and air pressure were kept constant and the 
heated temperature of the oil constant. The apparatus then, once prop- 
erly adjusted, would need very little change. To get these results is a 
mere matter of detail easily arranged. If the temperature of the oil 
rises, it feeds more freely and a readjustment is necessary, and the 
same conditions hold with regard to the pressure. 

It will be noticed that in addition to the independent oil and air sup- 
ply valves the burners are fitted with an air plug cock and an oil plug 
cock connected to one lever, which then controls both air and oil sup- 
ply, enabling the operator to shut them both off at once in emergency. 
At first, when steam went up too high and a burner was shut down 
this lever was used; but shutting off the air thus gave the air com- 
pressor less work, and as its governor is not sensitive the air pressure 
increased, making a readjustment of all oil and air supply valves neces- 
sary, with consequent smoke. Later on, when it was desirable to shut 
down a burner the oil alone was shut off by the independent feed 
valve on the burner, and the untouched air valve kept the air compres- 
sor's work more nearly constant; then when the burner was again 
required the oil valve was opened and immediately lighted from the 
flame of the adjacent burner. 

In starting fires with everything cold, steam is raised on the aux- 
iliary boiler, which burns coal, and the air compressor, oil pumps, and 
oil heater are started. The oil is lighted by inserting oil-soaked rags 
in the air space surrounding the burner and touching a lamp to them, 
or an arrangement like a gas lighter may be used. 

Sometimes when the air pressure is too high, or insufficient oil is 
feeding, the flame flickers and may go out. If the oil is kept feeding 
under these conditions, on relighting there is a small explosion of the 
gases in the furnace, with a momentary back draft through the peep- 
holes and ash pans. 

When shut down July 19, for two and one-half hours, plugging con- 
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denser tubes, one burner at each end of each boiler (4 burners in all), 
furnished steam to run all auxiliaries, including feed pump, bilge 
pump, air compressor, ice machine, dynamo, and flushing pump, all of 
which were exhausting into the atmosphere. 

During the four days in port at Tahiti the forward main single-end 
3-furnace boiler was used, atomizing with steam. Generally two 
burners in the middle furnace gave ample steam to run the following 
auxiliaries, all exhausting into the atmosphere, with boiler fed from 
fresh water on the dock: Ice machine, dynamo, flushing pump, feed 
injector, 2 cargo winches, and small portable steam pump. 

In the Grundell-Tucker burner (see fig. 35) the oil, heated by a 
steam coil under boiler pressure throttled down, passes through the 
inside pipe and is thrown out mdially through the series of small holes. 
The air, first heated by compression up to 20 pounds, is further heated 
to a temperature o£ about 350° F. in the air chamber surrounding the 
burner, and called the ''air superheater." Air can be used at the tem- 
perature at which it leaves the compressor, and was so used on the 
trip down until July 17, when the superheaters were connected up. 
This air under the pressure of about 20 pounds surrounds the oil pipe 
in the burner and passes axially along the pipe until near the end, 
where it is given a whirling motion through small helical passages 
arranged like the rifling of a gun. It crosses axially and whirling 
through the fine oil streams spurting radially from the end of the 
burner, breaking up the oil into fine spray, the drops of which can be 
seen before they ignite. A further air supply (cold) is admitted 
through the hinged door of the ash pan, and is directed up across the 
path of the flame and heated also by a curved fire-brick wall built in 
the ash pan close to the front. 

This ash-pan door is not moved much, but the regulation of the air 
supply is by the valve control of the air and oil in the burner. The 
flame should be a steady, full, white or yellowish white one, filling the 
furnace. 

The principal diflSculties encountered were in the regulation of the 
supply of oil to the heaters by the pump and the consequent variation 
of the temperature of the heated oil and the freedom of flow through 
the burners. An automatic submerged float, arranged like a steam 
trap and fitted in the oil heater to control the throttle of the pump, 
failed to give good automatic results, and the supply of oil was regu- 
lated by hand. If the oil is heated too much (above 150° F.), some of 
the volatile gases are given off and mingle with the air pressing on top 
of the oil in the heater, thence passing with the air into the air super- 
heaters and burners, the result being that on one occasion a heater got 
red hot from this cause. 

Another diflSculty was due to the choking of the strainers by foreign 
matter and impurities in the oil, shutting off the supply of oil, and on 
one occasion (August 10) putting out all the fires. Just previous to 
3219^—04 19 
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the fires going out, and while the usual air supply was on, and an 
insufficient amount of oil being fed, a dense white smoke, like steam, 
arose from the funnel. 

This strainer difficulty will be solved by fitting the strainers in pairs, 
so that a clean one can alwaj'^s be switched in while the choked one is 
being cleaned. 

Generally the revolutions of the engines did not vary much during 
the day, and in calculating the horsepower for each day's average 
revolutions, when the cards for that day differed much, that set was 
selected whose revolutions were near the average for the day with the 
indicated horsepower, assumed to vary as the cube of the revolutions. 
If the two sets of cards for the day had the same number of revolu- 
tions, their avemge indicated horsepower was used as a basis to com- 
pute the day's horsepower as before. 

It will be noted that the log accompanjMng this report is kept from 
noon to noon. This was done as the patent log was inaccurate, and 
the speed of the ship was got from noon positions as given by sights. 

It will be noted that speed was much higher on the return trip than 
on the outgoing, which is ascribed partly to the better combustion as 
the firemen became more experienced, partly to the overhauling of the 
bearings at Tahiti by the force on board, and mostly to the increased 
oil consumption allowed after the run down had proved that there was 
plenty of oil for the return trip, which was a matter of some doubt 
before, the ship being provided with coal for twenty-four hours to 
cover possible emergency. 

Full power was not developed in the two boilers used, as schedule 
time was easily exceeded with from 2 to 4 burners shut off, though it 
would not appear, from the tabulated results, that the indicated horse- 
power would equal what can be got by a good system of forced draft. 
This burner, however, works well with the Howden system of forced 
draft, as seen on the tank steamer George Looniis^ plying on a Pacific 
coastwise route, from southern California to San Francisco. 

It must be remembered that the tabulated calculations are all based 
on the indicated horsepower of the main engines only, as it was con- 
sidered better to use only data actually obtained, and afterwards esti- 
mated data, such as indicated horsepower of auxiliaries, could be 
applied without vitiating the observed data and results. No cards 
could be taken from any of the auxiliaries, but careful estimates give 

the following results: 

I. H. p. 

Air compressor, at 60 revolutions per minute 110 

Auxiliary feed pump and two oil pumps, one in intermittent use 30 

Dynamos 30 

Ice machine 7 

Circulating pump 5 

Flushing pump 2 

Baths, steam tables, evaporator, cooking, etc 11 

Total 195 
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The steering engine is not used except near port. 

The size of air compressor was based on the assumption that it 
requires 1 cubic foot of free air for every pound of water evaporated 
from and at 212^ F., as shown by tests of various oil burners at West- 
ern Sugar Refinery, San Francisco. 

The weights of oil auxiliaries are as follows: 

Tons. 

Air compresBor 9 

Two settling tanks 12 

Two oil heaters 2 

Two oil pumps (small) 5 

One oil pump (lai^ge) 1. 25 

Fifteen superheaters (air), front 3. 1 

All pipe, valves, fittings, ventilators, etc 8 

It should be remembered that the boilers were designed for coal 
burning; that the oil-burning plant was fitted in a hurry, the machin- 
ists not leaving the ship until the gong rang for people to go ashore; 
that the firemen were without experience in oil burning, and that most 
of the automatic gear did not function properly. 

With the air pressure constant, with the oil heated at constant tem- 
perature near 140° F. , with oil strainers arranged in pairs, so that one 
is always efficient, and with experience in firing, the results in econ- 
omy of oil should be much better on the next trip; and the fireman's 
work, already very easy, will approach supervising automatic regula- 
tion. The fireman for oil does not need strength nor previous training 
with coal. He should have a good eye, good ear, some common sense, 
and a desire to learn a new and easy trade. 

In conclusion, it is desired to state that every facility for investiga- 
tion was given by all the officers of the company, the chief engineer 
of the ship being particularly zealous in arranging for the taking of 
required data. 

Very respectfully. 

Ward Winchell, 
Lieutenant^ United States Navy. 

To the Chief of Bureau of Steam Engineering, 

Navy Department^ Washington^ D. C. 
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The following summary of the second voyage of the steamship 
Mariposa on the round trip between San Francisco and Tahiti, as 
compared with the first trip, shows that the oil consumption on the 
second voyage was considerably less than that on the first, due to two 
causes: Improvements in detail of the oil-fuel installation and increased 
skill and intelligence upon the part of the engine-room force. 

Oceanic Steamship Mariposa^ voyage No. ;?, from San Francitfco to Tahiti, 190£. 



Date. 



I 

Knotfl KRoto 
I per per 
I day. hour. 



Revo- 
lutions 
per 
min- 
ute. 



AugUiit— 
21.... 
22.... 
28.... 
24.... 
26.... 
26..,. 
27.... 
28.... 



297 
282 
330 
310 
811 
292 
306 
306 



30. 

31. 



13.8 


63.7 


12.8 


62.6 


13.8 


64 


13.6 


66.9 


12.8 


62 


12.8 


62 


12.1 


62 


12.6 


62.1 


12.6 


62.2 


13.3 


66 


13.6 


66 



Average, 11 days... I 809.9 12.96 
Voyage 1, 11 days . . 312. 7 13. 12 



Oil 

uaed 

per 

day, in 

ban els. 



266 
226 
210 
236 
220 
210 
220 
220 
220 
230 
240 



Oil 

used 

per 

day, in 

tons of 

2,240 

pounds 



pounds '^^'*- 



I Dis- ' 
Knots J^I"^, S"P?' 
»«t, ^-^ P?»"^. 

knots. 



36.43 
82.14 
80.00 
33.59 
81.43 
30.09 
81.43 
81.48 
81.43 
82.86 
84.28 



8,400 
8,000 
2,800 
3,133 
2,933 
2,800 
2,933 
2,933 
2,933 
3,066 
3.200 



63.4 
66.2 



226 
264.8 



32.28 , 
86.40 



3.013 
3,412 



248.8 
242.8 
287.4 
227.9 
227.1 
216.1 
241.1 
230.8 
230.8 
228.6 
236.6 



9 

9.24 
9.43 
9.82 
9.86 
10.37 
9.29 
9.70 
9.70 
9.80 
9.61 



233.3 
260.9 



9.60 
8.686 



1.29 
1.32 
1.86 
1.40 
1.41 
1.48 
1.33 
1.89 
1.89 
1.40 
1.35 



7 

13.4 
9 

8.8 
8.8 
8.6 
13.8 
10.3 
10.5 
9.6 
9.4 



1.37 
1.22 



9.9 
18.14 



Average temperature of uptake, 548°; average temperature of superheaters, 860°; average tempera- 
ture of eold oil, 91°. 

Oceanic Steamship Maripom, voyage No. 2, from Tahiti to San Francisco, 190-i. 



Date. 



Knots 
per 
day. 



September— 

6 1 

7 

8 

9 

10 

11 

12 ' 

13 

14 

15 

16 

Average, 11 days. . . 
Voyage 1, 10 days . . 



292 
301 
288 
298 
276 
327 
308 
317 
307 
324 
321 



, Revo- Oil 
Knots jlutions used 
per per 
min- day, in 
ute. ' barrels. 



per 
hour. 



Oil 
used 

pSuJ^ds P°""^«, 



12.2 
12.6 
12.1 
12.6 
12.2 
13.7 
12.7 
13.2 
13.2 
13.8 
13.6 



62.1 

62.6 

62.9 

63.1 

64.7 

66.9 

67.1 

67.3 

67.4 

69 

09.2 



215 
220 
220 
220 
220 
245 
250 
265 
260 
265 
270 



tS^ Pounds 
"*^ of oil 



Knots 
made 

knot Pe»'ton 
^2: of oil. 
run. 



80.71 
31.43 
81.43 



I 



2,867 
2,933 
2,933 



81.48 2,933 
31.43 2,933 



35 .3,267 
35.71 I 3,333 

37.44 3,533 

37.45 I 3,466 
37.94 1 3,533 
38.57 3,600 



236.6 

233.8 

244.4 

236.2 

255.1 

240 

264 

267.5 

271 

261. 7 

269.1 



9.61 
9.67 
9.16 
9.48 
8.46 
9.34 
8.48 
8.53 
H.20 
8.54 
8.32 



Dis- 
tance Slip of 
run per pro- 
barrel peller, 
of oil, . per 
in ; cent, 
knots. 



1.36 
1.37 
1.31 
1.3'i 
1.25 
1.83 
1.21 
1.20 
1.18 
1.22 
1.19 



304.9 . 
331.9 



12.7 
13.96 



65.7 
70.6 



241 
296.5 



34.46 
42.22 



3,212 252.6 
3,981.6 2^4.79 



8.87 
7.841 



1.27 
1.122 



12.6 
11.2 
16.6 
12.6 
13.4 
9.4 
16.5 
13 
13 
12 
13.9 



13.01 
12.89 



Average temperature of uptake, 546°; average temperature of superheaters, 360°: average tempera- 
ture of cold oil, 90°. 
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The Bureau has received from President John D. Spreckles, of the 
Oceanic Steamship Company, the general results secured on the seven- 
teenth voyage of the steamship Maripom, It will be observed that 
comparing this data with that of the first and second voyages a slight 
increase in efficiency has been secured. A study of the comparative 
results of the first, second, and seventeenth voyages will show that 
even on the first voyage an oil-fuel installation on marine vessels can 
be operated with a fair degree of success with a comparatively inex- 
perienced crew. 

Comparative performances Oceanic Steamship Mariposa^ using oil as fuel. 
OUTWARD TRIP. 



Date. 


1 
1 


i 

hi 


J 


1 

a 

1 


i 

hi 


ll 


1 

a 


5 

i 


1 



1 









h 
1- 




1 


^ 


s 





4 
1 


i 




K 


r 


a 








^ 


C3 


W 


s 


i 


3 

36.40 


3,412 


1 


M 


5 


13.14 


< 


> 
< 


July, 1902 


1 


812.7 


13.12 


66.2 


264.8 


260.9 


.8.885 


,.22 






Anguflt, 1902 


2; 809.9 


12.96 


.3.4 


226 


32.28 


3,018 


288.3 


9.60 


1.37 


9.9 


548 


360 


February, 1904.... 


17! 802.2 


12.80 


« 


217 


31 


2,893 


229.7 


9.716 


1.39 


7.3 


426 


388 



HOMEWARD TRIP. 



August, 1902 

September, 1902. . . 
March, 1904 



332.7 14.05 
804.9 12.7 



308.4 12.8 



70.91 
65.7 
61.9 



302.0 

241 

221 



43.18 
34.46 
31.67 



4,026 
8,212 
2,946.5 



286.8 
252.6 
229.8 



7.818 

8.87 

9.76 



1.111 
1.27 
1.395 



12.8 . 
13.01 

9.1! 



546, 860 



There has also been received from the administrative officials of 
the Oceanic Steamship Company the abstract of the steam log of 
twenty -three voyages of the steamship Alameda, a sister ship of the 
Mariposa, During eight of these voyages coal was used as a fuel. On 
seven of the trips the machinery was only in fair adjustment, and an 
inexperienced crew operated the oil-fuel plant. During eight other 
voyages with an oil fuel installation the machinery was in an excellent 
state of adjustment and operated by an efficient crew. A careful study 
of the data of this steamship will give some of the most reliable infor- 
mation as to the relative efficiency and econom}' of a coal and oil fuel 
plant on a merchant vessel. 
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Abstract of log oftteamship Alameda, plying between San FranciscOy CaL, and Honolulu^ 
Hawaii, showing comparative performance between coal and oil. 

COAL FUEL (MACHINERY ONLY IN FAIR ADJUSTMENT). 



102 
102 



103 

104 
104 

105 
105 

106 
106 

107 
107 

108 
108 

109 
109 



Outward or 
homeward. 



Length 
voyage. 


1 


1 



Main engines. 



Pressures. 



Outward 6 

Homeward , 6 



9 175 

6 \ \TJ 



Outward..., 
Homeward . 



Outward . . . , 
Homeward . 



Outward 

Homeward , 



Outward . . . 
Homeward 



Outward... 
Homeward 



Outward ... 
Homeward 



Outward 

Homeward , 



6 2 

5 I 22 

I 

5 I 19 



175 
178 

175 
175 

176 
174 



6 


1 


164.5 


5 23 1 175 


1 
6 5 154 


5 23 


170 


6 23 


171 


5 


22 


174 


6 


4 


163 


6 


21 


171 



s 
> 



25 , 



V 

H 



Fuel per day. 



831 



343 
357 



340 
SSO 



356 
346 



343 
347 



71.04 
66.48 



71.76 



67.68 
71.28 



73.92 
73.92 



64.80 
73.68 



348 68.88 



348 


74.16 


349 


69.12 


360 


80.88 


339 


68.64 


353 


74.88 



M 




C 




;s 


1 




3 


b 


& 


o 










C 






g 





8 


>» 


ft 


> 


^ 


t 


-< 


o 



^ ^ ^ 



OIL FUEL (MACHINERY ONLY IN FAIR ADJUSTMENT, INEXPERIENCED MEN OPERATING 

BURNERS). 



113 


wuiwaru 

Homeward 


114 


Outward 


114 


Homeward 


115 


Outward 


116 


Homeward 


116 


Outward 


116 


Homeward 


117 


Outward 


117 


Homeward 


118 


Outward 


118 


Homeward 


119 


Outward 


119 


Homeward 



5 


17 


6 


20 


5 17 


6L... 


5 


20 


^ 


21 


5 21 


6 2 


5 23 


6 23 


5 


21 


5 


22 


5 


22 


5 


23 



174.5 

175 



174 



40.1 ! 12.1 
48.7 ' 14 



175 I 76 



175 
175 



164 
175 



174 
175 



175 

175 



175 
175 



55 

58 



56 
62 





26 


362' 349 


16.9 


14.2 


30 




27 


356 888 


14.5 


14.4 


80 




27 


865 352 


15 


14.6 


30 




26 


348 1 391 


16 


14.5 1 


80 




25 


365 1 \ 341 


11 


14.4' 


41 




25 


360' ; 379 


14 


14.2 


35 




24 


352 


281 


10 


14.3 


80 




24 


343 


344 


13 


14.3 


36 




24 


349 


298 


14 


14 


36 




24 


348 


343 


12 


13.8 


42 




24 


353 




807 


9 


13.9 


41 




24 


350 




319 


10 


13.6 


42 




24 


353 




317 


10 


13.6 1 


42 




24 


3^48 





331 


10 


13.8 


42 
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AbMract of log of steamship Alameda, plying between San Francisco^ Cat., and HonoltUUy 
Havxtii, showing comparative performance between coal and oil, 

COAL FUEL (MACHINERY ONLY IN FAIR ADJUSTMENT). 



Teraperotufe. 




i 

d 

i 
1 




i 


o 

^ 


I 


4^ 

1 


J 

% 
^ 


i 


1 
1 


Remarks. 


, 1 


i 




22. 1 These eight voyages were made with coal as a fuel; with 


1 1 


1 1 




17. 5 j the ship having a new installation of boilers and engines. 
1 These runs cover a period during which the motive plant 


1 1 




1 




1 ! 


1 




*'• ; had not the opportunity to demonstrate Its efficiency as 


1 






24.5 


wnen me macninery naa reacnea i\s oesi worKing con- 
dition, as it probably did at a later date. 


1 1 


!. ... 




20 

18.2 
19.4 

20.7 
18.9 

16.7 


The coal used was a mixture of the British Columbia 


1 








and Australia production. Its evaporative efficiency 
under a test boiler (Scotch) was about 7.75 poundi^ of 


1 1 








water per pound of fuel from and at 212^^ F. It will be 


! 1 




1 




observed that the percentage of ash was quite high. 

As the vessel experienced both favorable and unfavor- 
able conditions as regards weather during these eight 
voyages, it may be presumed that the data furnished is 


1 1 1 


1 




1 


1 


; 




1 


' ' 1 




21.6 
21.4 


sufficient in quantity to give average results. The actual 












distance traveled was 83,154 miles, and 6,878 tons of coal 
were consumed in the boilers of the ship. It therefore 






1 1 






17.1 

20.2 
28.9 


required 465 pounds of coal to drive the vessel 1 mile in 




1 


1 






distance. 






1 










' , \""' 







OIL FUEL (MACHINERY ONLY IN FAIR ADJUSTMENT, INEXPERIENCED MEN OPERATING 

BURNERS). 



68 


90 


210 


63 


95 


210 


64 


1(H 


210 


63 


100 


205 > 


63 


99 


209 



100 



68 ' 105 



209 
201 

106 

208 I 



85 


101 


390 


536' 


82 


94 


890 


685 


84 


104 


893 


630 


81 


91 


385 


608 ! 

1 


87 


107 


420 


576 


77 


97 


405 


557 


84 


101 


415 


475 ' 


83 


99 


396 


414 


88 


111 


388 


486' 


85 


110 


383 


453 I 



110 I 208 I 

110 ' 208 ! 

110 I 209 

110 208 ; 



86 , 111 
92 f 112 



95 I 115 
90 100 



375 
877 



These were the first seven vojrages made by the vessel 
where oil was used as a fuel. The crew were compara- 
tively inexperienced in the operation of an oil-fuel plant, 
and therefore the best results were not secured. 

While making these seven round trips with crews prac- 
tically inexperienced In the operations of the oil burners 
there was consumed for steaming purposes 28,183 barrels 
of oil. The distance made by the ship was 29.078 miles. 
In comparing this performance with the results secured 
when burning coal it will be noted that the relative effi- 
ciency of oil fuel and an Inferior grade of coal was thus 
found, after extended test under conditions staled above, 
to be In the ratio of 1 to 1.42. Thli comparison is based 
upon the standpoint of weight. As a pound of oil costs 
less In San Francisco than a pound of any grade of coal 
suitable for marine purposes, the economy of using oil 
fuel in the steamship Alameda is thus clearly apparent. 
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Abstract of log of steamship Alameda^ plying between San Francisco, Col,, and HonotxdUf 
Hawaii f shomng comparative performance betunxn coal and oi/— Continued. 

OIL FUEL (MACHINERY WELL ADJUSTED, BURNERS EFFICIENTLY OPERATED). 



Lenffth 



Main engines. 



Outvard or 
homeward. 



124 ; Outward. 



voyage. 


Preasures. 








1 1 


00' 


i 

X 




First rec 
Second I 



124 



125 



Homeward . 



Outward 5 



125 t Homeward. 



126 Outward . 



126 



127 



Homeward. 



Outward . 



127 ' Homeward. 



128 
128 



Outward 5 

Homeward | 6 



129 Outward . 



129 



190 



Homeward. 



Outward . 



190 I Homeward. 



131 ' Outward ' 5 

181 Homeward b 



18 



176 



160 
160 



175 
171 



18 I 174 
23 I 175 



175 
175 



174 
175 



175 
175 



175 
175 



51.8 
53 

I 
I 66 I 

i58 ; 

S2 I 

51 ! 

58 i 

59 ; 

50 : 

59 

52 
55 

55 



4.8 

5 ; 



a 

e 

S 

9 

i 

> 

25 
25 

25 
25 

25 
25 



25 

25 
25 

25 
25 

25 , 

25| 

25 
25 



so 



Fuel per dry. 



353 '. 

355 ;. 



0«N» 

862 


355 


353 ' 


353 


355 


860 


360 


-1 


381 1 


355 ' 


368 


366 


358 



i 



800 
814 

I 
810 I 
810 ' 

807' 
281 I 

840 
834 j 

298 ' 
355 

274 
905 

812 
807 

836 , 
293 



g 






13 


"i 




g 


a 




« 


1 




c 

t 


o 


I 




"o 


a 


i 


>» 


I 




g 


1 


< 


o 


A 


9 


13.9 


45 


9 


18.2 


45 


9 


14 


45 



14.1 


45 


13.9 


45 


13.4 


45 


18.4 


45 


13.4 


45 


18.9 


45 


13.8 


45 


13.9 


45 


13.7 


45 


14 


46 


18.4 


45 


14 


45 


13.6 


45 
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Abstract of log of steamship Alameda , plying between San Francisco^ Cal, and Honolulu^ 
Hawaii, showing comparative performance between coal and oil — Continued. 

OIL FUEL (MACHINERY WELL ADJUSTED, BURNERS EFFICIENTLY OPERATED). 



Temperature. 


1 

d 

i 

t 




1 
1 


1 


1 




e 

£ 


"3 

1 


M 

M 

1 
1 


Rf^m^rlriy, 


70 
09 

69 
67 

67 
66 

66 
66 

66 
65 

64 
68 

64 
63 

65 

64 


106 
110 

109 
106 

109 
109 

107 
109 

108 
108 

108 
108 

107 
106 

105 
108 


206 
210 

210 
210 

210 
210 

211 
212 

212 
206 

212 
212 

212 
212 

212 
212 


95 
90 

93 
88 

93 
90 

90 
89 

98 

87 

88 
89 

91 
90 

87 
89 


107 
104 

lis 

105 

109 
107 

104 
96 

108 
99 

104 
112 

107 
111 

102 
116 


405 
898 

410 
896 

405 
405 

408 
400 

898 
876 

895 
398 

383 
366 

358 
366 


476 
500 

465 
446 

456 
423 

467 
457 

406 
467 

428 
408 

408 
426 

435 
433 


...... 


During these eight voyages the machinery department 
was In such a state of efficiency that the liest possible 
results ought to have been secured. The crew had also 
become experienced in the operation of an oil-fuel plant. 
The results of these voyages may be compared with the 
performances of the Mariposa, bearing in mind that the 
Alameda runs on a faster schedule than her sister ship, 
the Mariposa. 

When burning a slightly refined California oil product 
with an experienced crew in the fireroom. and with 
machinery in good condition, there was consumed for 
steaming purposes during these eight round trips 29,863 
barrels of oil. The distance made by the vessel on those 
voyages was 88,229 Icnots. There was, therefore, required 
300 pounds of oil fuel to drive the ship a distance of 
1 knot. The relative consumption of oil as compared 
with an inferior grade of coal is therefore in the ratio of 
1 to 1.55. 

It will likewise be noted that not only was a more uni- 
form pressure carried in the boilers with oil as a fuel, 
but that the average time required to make the voyage 
was reduced a few hours. 
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THE OIL-FUEL INSTALLATION OF THE STEAMSHIPS NEVADAN AND 

NEBRA8KAN. 

The attention of the board bad been specifically directed to the oil- 
fuel installation of the steamers Nevadan and Nebrdskan of the Amer- 
ican-Hawaiian Steamship Company. As the steamship NSraskan of 
this line had made the voyage from New York to San Diego, Cali- 
fornia, with coal as a fuel, and had made the return trip from San 
Diego to New York with an oil-fuel installation, the board regarded 
it as of importance to inspect the installation of the vessel as early as 
possible after her arrival in New York. 

Through the courtesy of Capt. W. D. Bumham, the manager of the 
line, the board made a personal examination of the installation of this 
vessel just after the arrival of the ship in port from San Diego, the 
vessel having made only one stop for a few hours at Sandy Point, 
Straits of Magellan, on the voyage from the Pacific coast. 

The N^askan left New York August 7, 1902, touching at the ports 
of St. Lucia, British West Indies, and Coronel, Chile, for coal. She 
reached San Diego in fifty-seven days, five hours, and forty-three 
minutes. On that voyage 2,267 tons of coal of poor quality were 
used, and a fireroom crew of fifteen men was found necessary. The 
ship was kept at full speed during the entire voyage. 

On the voyage from San Diego to New York, with a greater cargo 
in her hold, the voyage was completed in fifty-two days, seven horn's, 
and twenty -six minutes. There were consumed in the furnaces on 
this voyage 8,826 barrels, or 1,260 tons, of California fuel oil. Only 
six men were required in the fireroom. Their wages approximated $50 
per month each. 

On the outward passage from New York to San Diego the ship 
steamed 13,280 miles, while on the homeward passage between San 
Diego and New York the ship steamed 12,760 miles, the increased 
distance on the outward passage being due to the fact that the ship 
called at both St. Lucia and Coronel for coal. 

Four hundred and fifty -seven tons of measured space for cargo was 
saved by reason of the oil fuel being of less bulk. The resulting 
financial gain to the company from all causes was at the rate of $500 
per day. While five days were saved on the eastward journey, it 
must be remembered that that voyage was 520 miles shorter. 

The insurance risks, both on the vessel and on the cargo, were 
not increased with the installation of liquid-fuel appliances. The 
underwriters made careful examination of the arrangements for stor- 
ing the oil fuel, as well as the general character of the oil-burning 
installation, and after special investigation regarded the equipment 
as one not constituting an element of danger sufficient tx) demand 
higher insurance rates. 
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In order to detect and collect any leakage of oil a cofferdam had 
been constructed both forward and aft of the principal fuel-oil bunker. 
At the end of the journey no leakage of oil had been observed. The 
oil used was from the California wells, a product which had undergone 
a light distillation, thus making it less explosive and less harmful to 
boiler and bunker plates. 

In past years it had been observed that very injurious effects were 
produced upon the ends of boiler tubes and on the seams of plates 
with the use of crude petroleum as fuel. The experience of the 
superintending engineer of this line, Mr. Lassoe, is that when oil is 
slightly refined its use is less harmful than in the case of coal to all 
parts of the boiler, providing the liquid fuel is burned in a proper 
manner. 

When firing boilers with coal as a fuel the firemen have necessarily 
to keep the furnace doora open a considerable time in order to secure 
efficient results. When the doors are opened for working a coal fire 
the cold air rushes in, and it is a fair estimate that the heat of the 
furnace during this time drops as much as several hundred degrees. 
With such extreme and rapid changes of temperature there must be a 
tendency of plates and even of tubes to contract, and attendant injury 
to the boiler often ensues. With the use of oil as a fuel it was found 
that the furnace doors did not need to be opened during the entire 
journey, and a more constant heat was thus obtained throughout the 
boiler. The full efficiency of the boiler is therefore more likely to be 
secured with the use of oil than with the use of coal as a fuel, and this 
has been evidenced in the steamers of this line by the more uniform 
pressures noted on the steam gauges. 

The comparative results secured with coal and oil as a fuel by the 
Nehraskan when making long voyages are strikingly shown ia the 
accompanying table. When making the first voyage to the Pacific 
coast, coal was used in the furnaces. On the return trip from the 
Pacific an oil-fuel installation was in operation. It will be noticed that 
the displacement of the vessel on these three long voyages was about 
the same, consequently the relative evaporative efficienc}' of the two 
kinds of oil, as well as of coal with oil, can be clearly established. 
While the coal used on the westward voyage was of an inferior grade, 
the hull of the ship was in much fouler condition on the voyage east- 
ward, and these are factors that must be considered in determining 
comparative results. 

Special attention is directed to the comparative data secured on the 
voyage from San Diego to New York, where California oil was used 
as a fuel, with the voyage between New York and San Francisco, 
where the Texas product was used as a combustible. 

During the passage from New York to San Francisco, however, 
where the Texas product was used as a fuel, the vessel encountered 
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veiy severe weather in the South Atlantic. Before entering the 
Straits of Magellan on this voyage the ship was almost hove to for 
two or three days. 

The Howden draft system proved a decided advantage in the 
burning of the Texas as well as the California product. With this 
arrangement of utilizing the heat of the waste gases, no cold air is 
admitted to the furnace, thereby minimizing the fluctuation of tem- 
peratures in the boilers. On several occasions the temperature of the 
escaping gases at the base of the stack was as low as 375^ F., which 
indicates that complete combustion took place in the proper places. 

While the general information received from the officials of the 
American-Hawaiian Steamship Company- concerning the performance 
of the Nehrankan is of exceeding value, it is essential f or militarj^-naval 
purposes that more data in regard to details of installation and opera- 
tion of the machinery of these ships be supplied the Navy Department. 
The board therefore suggests that a commissioned officer be detailed 
to make the voyage between the Atlantic and Pacific coasts on one of 
these steamers. There is no doubt but that an observing officer would 
succeed in collecting information concerning the burning of fuel oil 
that would be of the utmost value to a more thorough and complete 
knowledge of the fuel question. The time may be nearer than now 
realized when the Nav}' Department may be called upon to suddenly 
equip auxiliary war vessels, if not fighting ships, with oil-burning 
devices. There would be a saving of both time and expense in effect- 
ing such installation b}- continuing the investijgation of the fuel-oil 
problem along every line where new data might be procured. 
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S0(^ . i^g of two intermediate voyages of this 

Tbt^re »re nlf^ sbo^o ^^^^ ^^ ^^eattle and one from San Francisco 

,.,,.„./, ono ^'^''"^^rf^m^^^^ of the ship when making these inter- 

to lloiiohihi- y"* ]^iiced in order to establish the fact that practically 

mediAte trlp^^^ '" ^^^red in marine installations when using oil as a 
u,,i7oniire.s«/ts«re. 

^"^-^ f the yefstJafi^ when studied in connection with her sister 

Ihe ^^y^^,^^^,^jf^^y^i\\ show that similar and equal results have been 

)?^' ed on the two vessels. The Nevad<in has now traveled 70,000 

^ lies with oii-burning appliances, and practically no repairs have been 
made to her boilers since the oil-fuel installation was introduced. 

The percentage of slip of the screws on the outward voyage from 
Xew York to San Diego was 11.9, while the slip on the voj'age from 
San Diego to New York averaged 16.56. This difference is explained 
bv the fact that the steamer leaving New York on the outward passage 
had been in dry dock and had been painted immediately before sail- 
ing, while the ship had been four and one-half months in the water 
when sailing from San Diego, the greater part of that time having 
been spent in San Francisco Bay, fitting out for stowage of oil fuel in 
double-bottom tanks; also from the fact that the vessel experienced 
considerably more adverse currents on the homeward passage than 
the outward from New York. The weather conditions may also have 
had something to do with the question of the slip of the propellers. 
Considering the great length of the two voyages, and the extended 
period during which both fuels were continuously used, the compara- 
tive information obtained ought to be regarded as exceedinglj" relia- 
ble and valuable. 

On the voyage of the Nebraskan to New York the ship had but little 
reserve of fresh water, since it was found diflScult to obtain the 
required amount at San Diego. The vessel, therefore, on the voyage 
from the Pacific coast had to use her evaporator for forty-five days, 
while on the voyage from the Atlantic coast, with only a poor quality 
of coal in her bunkers, she left New York with a reserve of fresh 
water amounting to about 150 tons. 

It was found that in addition to the cost in fuel of effecting sufficient 
evaporation to make up for the loss of fresh water, there was also a 
loss in steaming efficiency due to the priming of the evaporators. The 
scant complement detailed for firerooms made it almost impossible to 
keep close watch on the evaporators, and therefore at times, in rough 
weather, salt water was carried over from the evaporators. If it had 
not been that the ship had a reserve of fresh water in the compart- 
ments beneath the fire and engine rooms when starting from New 
York, the vessel would have used 50 tons more coal on her outward 
voyage to San Francisco. 

The following list of auxiliaries gives the diameter, stroke, and 
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number of cylinders, and the indicated horsepower for each, roughly 
estimated, and to which might be added that, as the auxiliaries use a 
great amount of steam, the indicated horsepower of these has been 
put at double the amount — 210 — so as to have only one average of indi- 
cated horsepower per hour for both main or auxiliary engines in the 
log summaries. 

The miles per barrel of oil depend, of course, upon the displacement 
or weight propelled. 



Claasification. 



Size of cylinders. CylinclerH, 



Steering engine 

Dynamo engine 

Refrigerating engine 

Circulating engine 

Blowing engine 

Fan engine 

Feed pumps 

Ballast pumps, pumping oil from double 

bottom 

Brine pumps 

Oil pumps, for burners 

Evaporator pump 



Incfu*. 

7by 7 

6iby5 

9by8 

6by6 

9by 12 

5by4 

8 by 5 by 10 . 



Total indicated horseiMJwer . 



7 by 101 by 10 . 
6 by 5f by 6 . . . 
6i by 3i by . , 
3bv3 



2 
1 
2 

2 
2 
4 

4! 

2 
2 
2 
2 



Indicated 
horse- 
power. 



3 
8 
9 
16 
26 
16 
16 

5 
3 
2 

1 



105 



As these auxiliaries use fully 30 pounds of steam per indicated 
horsepower, or more than double that of main engines, they have been 
estimated at 210, so as to have but one average of oil per indicated 
horsepower in summary of log. 

A statement of the comparative engine-room complement when 
using coal and oil, is interesting as showing the considerably reduced 
force required for oil burning. It will be strikingly suggestive, how- 
ever, that rather higher technical ability is required for the oil-fuel 
conditions. As tersely expressed by the managing director of the 
line, "With an oil-fuel installation there is required tmined furnace 
men rather than old-time stokers, while the coal passer has disap- 
peared altogether." 

The engine-room complement of the steamship Nehraskaii when 
using oil consisted of 1 chief engineer, 3 assistant engineers, 6 oilers, 
3 furnace men, 3 wipers to assist furnace men, 1 deck engineer. 

The regular watch when the ship was underwa}'^ consisted of 1 engi- 
neer, 2 oilers, 1 furnace man, 1 wiper. 
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When using coal on the voyage from New York there were five men 
on a watch in the fireroom instead of two, as in the case with oil fuel. 

AVhile it is possible to do without the ''wipers'' in the fireroom, it 
has been considered safer to carry these exti-a men in the lx)iler room. 
There was always a prol)ability of one of the three furnace men 
becoming incapacitated, and therefore the worlc would have been too 
onerous if the furnace men had ever been compelled to stand watch 
and watch. The "wiper'' rendered efficient service in helping to look 
out for the compressors and various pumps, and as it requires some 
practice to efficiently operate the burners, the l)est interests of the 
company were subserved by having such a rate included in the com- 
plement of the fireroom force. As the pay of the '"wiper" is about 
dou})le that of a coal passer, the actual gain as regards the pay of the 
fireroom force when using oil and coal is more apparent than real. 

As to the hull of the ship, it was observed that the slightly refined 
oil was rather a preservative of the steel, since the oil contained 
a small quantity of asphaltum. As sulphur and other corroding 
agents are sometimes contained in the coal, the oil is not at a dis- 
advantage as respects corrosion of the hull plate. 

In the oil-fuel installation of the JVthm,^hin the oil is pumped to a 
heating tank and brought to a temperature of 175"^ F. It is then forced 
at a pressure of 15 pounds to the atomizer, where it mixes with 
heated air, supplied at a pressure of li pounds. An exceedingly fine 
epray results, and in that manner it is burned. 

Every portion of the machinery operating the oil-burning installa- 
tion is in duplicate. An irreparable breakdown is therefore almost 
impossible. On the return voyage to San Fmncisco the fuel supplied 
was from the Texas oil fields, and therefore the relative value of that 
oil can be compared as to thermal value and ease of operation with the 
California product. 

An examination of the profile of the ship (fig. 38) will show that in 
vessels of such length there are but slight, if any, structural disadvan- 
tages to be encountered as regjirds stowing oil fuel as compared with 
the difficulties to be encountered in the case of armored cruisers and 
battle ships. In the case of naval construction the ship is of compara- 
tively short length, and the construction of a bunker extending the 
full width of the ship and extending to the main deck would be a 
practical impossibility by reason of the installation of the protective 
deck as well as by the interference of various gun mountings and 
ammunition hoists. 

The special form of burner used on the yebrdskan was of the 
Lassoe-Lovekin type. Although this burner was not officially tested 
at the experimental plant, the board witnessed its opei*ation, when used 
for auxiliar}*^ purposes, on this vessel. 

This burner is a development of that shown in fig. 56, the latter 
burner having been used by the Standard Oil Compan\^ over twelve 
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years ago, the essential and distinctive feature of construction being 
the plug with radial holes fitted at the discharge end. It has been the 
improvement in the details of the installation of oil-fuel appliances 
rather than the discovery of any new principles that has caused in 
great part the satisfactory solution of the engineering or mechanical 
feature of the oil-fuel problem. 

The general characteristics and construction of the burner are 
shown in the accompanjang sketch (fig. 37). The marked feature of 
the appliance is the fitting of a plug at the discharge end of the 
burner, whereby the air is introduced into the furnace through a series 
of spiral holes rather than through a central orifice. The drilling of the 
numerous spiral holes in these plugs influences the length and char- 
acter of the flame, and from the actual operation of the burners it can 
not be doubted that combustion is thereby eflfected near the front of 
the furnace rather than amid the tubes or within the smokestack. 
A range of experimentation on the details of this type of burner has 
already been indicated in figs. 29 to 34. 

The distinguishing features of the general oil installation of the 
Nchrmhm are as follows: 

{a) Although the burner is so designed that either steam or air can 
be used as a spraying medium, air delivered under low pressure is 
preferred. 

(J) The air necessarj'^ for supporting combustion is heated by means 
of the Howden system. A portion of this heated air is used for 
spraying purposes. 

{c) The oil is heated so as to make it flow more readily through the 
pipe, and this heating of the fuel is effected by a steam coil fitted 
around the suction pipe of the oil pump. 

(d) Special means have been provided to prevent any water that 
may enter the oil tanks from being pimiped to the burners, a float 
arrangement having been installed whereby oil alone is pumped from 
the tanks. 

{e) The brickwork installed in the furnace is of exceedingly simple 
character, the front end of the furnace being lined for about 2 feet, 
and a simple vertical lining against the back combustion wall being 
all the brickwork required. 

(/') The main supply of fuel is carried in a bunker or expansion 
tank extending the full width of the ship, and for a distance of about 
20 feet fore and aft carried from the bilge to the upper deck. There 
is a cofferdam both forward and aft of this oil bunker, and thus any 
leakage of oil can be quickW noted. 

{g) There is a reserve of every important auxiliary, so that in case 
the impairment of one appliance occurs the reserve auxiliary can be 
immediately put in operation. 

(Ji) When oil was first used in the Scotch boilers of the Xehr^ishm it 
was found that the smokestack temperatures reached as high as 1,800^ F. 
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Retarders were then placed in the 3-ineh tubes. The retarders now 
used have a convolution for each foot in length. The experience of 
this ship shows the exceedingly high velocity of the gases after com- 
plete combustion of oil fuel has been effected, and the imperative 
necessity of checking the flow of gases in all forms of boilers either 
by retarders or bafflers. 

The whole design of the installation is of a character that represents 
excellent workmanship and generous attention to details. The heating 
of the air requisite for combustion, by the waste gases, undoubtedly 
increases the economical efficiency. There is a clear and distinct 
recognition of the fact that crude oil is a very dangei'ous fuel where 
there is careless or inefficient installation, and that the dangers of such 
an installation can be reduced to a minimum where the plant has been 
designed by experienced and conscientious experts, and operated by 
intelligent and observing engineer. The importance 6t guarding 
against any mixture of oil and water is shown by the precautions that 
have been taken to prevent any leakage in all steam and oil joints. 

The general features of construction and arrangement of double- 
bottom tanks for the carr^'ing of oil and water are as shown in fig. 38. 
The general dimensions of the Nebraskan and its details are as 
follows: 

Capacity of holds. 
Upper 'tween decks: Cubic feet. 

Forward 38,570 

Aft 33,510 

'Tween decks: 

No. 1 15,335 

No. 2 14,515 

No. 3 13,180 

No. 4 18,225 

Holds: 

No. 1 29,890 

No. 2 40,890 

No. 3 22,556 

No. 4 18,070 

Refrigerators 23,489 

Magazine 3, 985 

Total 272,215 

General dimensions. 

Length 360 feet. 

Beam (molded) 46 feet. 

Depth 34 feet. 

Draft 23 feet. 

Two engines Twin screw. 

I. H. P 3,000 

Diameter of cylinders 19 inches, 31 inches, 54 inches. 

Stroke 42 inches. 

Two boilers 12 feet 3 inches by 16 feet 3 inches diameter. 

Steam pressure 200 pounds. 
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Bunkers. ^"ou/'**'^ 



Main bunker 24,460 

Hatch trunk 620 

Wing bunkers 

Trunk and saddle back 



Total 25,080 



Tons coal. 



525 
14 

432 
18 



989 



Oil in gallons 1 87, 598 

Oil in tons 641 

Double-bottom capacity. 

Inner bottom: Tons, 

No. 1 96 

No. 2 196 

No. 3 , 62 

No. 4 48 

No. 5 41 

No. 6 86 

No. 7 89 

No. 8 35 

Forepeak 1 39 

After i)€ak 84 

Deep tanks ( 105-1 19 ) 1 78 

Deep tanks (138-157) 148 



Total 1,202 

From the arrangement of the ship, as indicated in the longitudinal 
profile, it will be observed that the oil is stored in six separate com- 
partments of the double bottom, and in the after peak and forward 
peak tanks, and in a large amidship-athwartship bunker. Under the 
engine and boiler compartment no oil is carried, but these compart- 
ments are reserved for the necessary supplv of fresh water. Addi- 
tional fresh-water tanks are installed just aft the engine room in side 
tanks located at the side of and above the refrigerator plant. There 
are also additional water tanks arranged in No. 4 hold between and 
at the sides of the shaft alley. These water tanks are sufficient to 
supply all the usual needs for fresh water. Any increase in the 
demand for fresh water can be made up by the evaporators. 

The oil compartments in the double bottom are not directly contig- 
uous to each other at the bulkhead subdivisions, and the necessary 
effect of a dividing cofferdam is obtained by the construction of the 
athwaitship bilge well. Here any collection of gas or oil leaking 
from the tanks can be detected, thus affording an additional element 
of security. The large amidship oil bunker rises up to the upper 'tween 
decks, and is flanked on forward and after ends by cofferdams of one 
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frame space in width, thus both ends of the bunker are readily acces- 
sible, and leaks of gas or oil can be checked in their incipiency. This 
large bunker is also provided with the usual division bulkheads or 
swash plates to prevent violent pitching of the oil during the rolling 
of the vessel. The expansion of the oil in this tank is taken care of 
by the construction of an expansion tinink reaching to the bridge deck. 
Fig. 39 shows the general arrangement of the furnace installation 
of the oil fuel devices as fittt^d on the Nehraskan. It will be observed 
that the furnace is lined for its full length on the bottom while only 
for about half the distance on the top. There is a vertical brick lining 
to the back combustion wall to a distance just slightly higher than that 
of the height of the furnace. 

Boiler d(Ua Kteximship Nehrashan {two single-eiided Scotch). 

Diameter 16 feet 3 inches. 

Length 11 feet 6 inches. 

Tulx^s between tul)e platt^ 8 feet 3 inches. 

4 furnaces, Morison: 

Large I) 3 feet 7$ inches. 

Small D 3 feet 3 inches. 

3-inch tubes-common, 1 l)oiler, No. 12, B. \V. G 196, total number. 

3 tubes-stay, No. 3, B. W. (J 110, total number. 

Grato length 6 feet. 

Grate surfac^e, 1 lx>iler 81 square feet. 

Tube surface, 1 boiler 2,527 square feet. 

Heating surface, 1 lK)iler 178.5 square feet. 

Total heating surface 2,998.5 square feet. 

Steam capacity 495 cubic feet. 

Area through tubes 15 square feet. 

n. S.^G. S 37. 

G. S.-:-area through tulxjs 5.29. 

Shell plates Ij inches. 

Front and back 1 3'j inches. 

Tube plate i inch. 

Funiace thickness ji inch. 



/\. 
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SIMII.ARITY OF COXDITIONS ATTEXDING THE OIIi-FUEIi 
INSTAL.IiATIOX8 FOR liOCOMOTIVE AND TORPEDO-BOAT 
WORK. 

OBSERVATIONS OF THE BOARD AT THE HOOSAC TUNNEL. 

The progressive increase in the number of oil-fuel installations for 
locomotive work particularly interested the Bureau of Steam Encri- 
neering, and through the courtesy of the officials of the Atchison, 
Topeka and Santa Fe, and of the Boston and Maine railroads, reliable 
and valuable data and important drawings concerning such installa- 
tions were placed at the disposal of the board. 

A special visit was made to the Iloosac Tunnel, where the application 
of oil fuel to four of the locomotives of the Boston and Maine Rail- 
road had been effected. Oil-burning locomotives had been used there 
in order to keep the tunnel clear of the smoke that issued from the 
stacks when the coal burnei-s were put to severe work while traversing 
the tunnel. 

The Iloosac Tunnel is 4f miles long, and there is a grade each way 
within the tunnel of 26 feet to the mile. Until oil-burning helping 
locomotives were attached to each train it was impossible to keep the 
tunnel clear of smoke and steam. Therefore in the oil-fuel installation 
of these four locomotives it was essential to effect complete combus- 
tion, so that there would be practically no smoke issuing from the stack, 
a desideratum that is of great importance in railroad tunnel work. 

The board, accompanied by Lieut. John Halligan, jr., U. S. Nav}', 
not only rode back and forth through the tunnel on an oil-burning 
locomotive, but carefully inspected the entire equipment of the plant, 
special attention being given to the question of storage and supply. 

For special information in regard to the Hoosac Tunnel oil-fuel 
locomotives, as well as to other railroad installations, the board is 
indebted to W. D. Hoffman, the fuel-oil expert of the Standard Oil 
Company. This expert has likewise been in charge of the work of 
installing liquid-fuel appliances on locomotives in Florida, as well as 
in other sections of the country, and the board is under obligations to 
him for valuable suggestions in regard to effecting such installations 
on torpedo boats. 

The most important change made in the Hoosac Tunnel locomotives 
for burning oil instead of coal was in the fire-box arrangement. The 
drawing of the fire box shows the arrangement of the burner and the 
fire-brick arch (fig. 41). As may be seen, the burner enters the fire 
box just beneath the rear water leg and is inclined upward at an angle 
of lo*^, so as to direct the flame imder the arch. The ash pan is 
replaced by a special pan, which is bolted to the lower ring of the 
water leg, and supi)orts the fire-brick lining and arch, as well as the 
308 
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dampers. The fire brick is laid up in alternate courses of headers 
and stretchers, although in front a single course of stretchers may be 
used, except in the center wall, which braces the arch to the tul>e 
sheet. At the back end of the box a tie wall is built in, resting on 
angle irons, to stay the side walls. The damper is arranged so that it 
may be entirely closed for holding the steam pressure with a light 
tire. 

The burner is of ingenious construction, consisting of a double 
burner — a narrow one on top and a wide one below Both are flat, or 
slot, burners, with the steam orifice arranged behind that for the oil, 
so as to blow steam through the stream of oil. A burner of this type, 
with properly proportioned steam slot and opening for the atomized 
spray, like the one shown in fig. 41, attached to the locomotive, is 
capable of eflSciently burning 150 gallons of oil per hour. A similar 
burner for locomotive work is shown in fig. 42, this burner being 
arranged for insertion in the fire door instead of at the mud ring. 
A large air opening is provided near the burner, to admit air for 
initial combustion, while the damper at the rear of the box furnishes 
what more is necessary. This burner has given satisfaction, having 
never become stopped up. With the small burner it is possible to 
adjust the fire very low for the purpose of holding steam during long 
waits or delays, while with both burners a capacity beyond an v possible 
re(iuirement is available. 

The armngement of the steam and oil piping for the burner is very 
simple. Oil is fed di recti}' from the tender tank to the burners under 
5 to 10 pounds air pressure (from brake reservoir), and the steam is 
likewise controlled b}' throttle valves, all of which valves have their 
handles located conveniently in the cab. The piping is, as shown, 
conveniently fitted with brass unions, to facilitate taking the burner 
down, and bends are used in place of fittings wherever possible. A 
steam connection is run to the tender, through a reducing valve, to 
supply the tank heater, and another steam connection is armnged out- 
side the cab to supply the steam oil pump at the storage station when 
filling the tender tank. 

In regard to the similarity of conditions and requirements of oil- 
fuel installations for locomotive and torpedo-boat work, the following 
advantages are practically obtainable in both cases: 

{a) Economy of space reserved for carrying fuel. 

( /; ) Ease in filling tanks. 

( 6' ) Rapidity of time in meeting a varying load on boiler. 

(d) Ability to force boiler to extreme dut}' in case of emergency. 

(e) Absence of smoke under light normal working conditions. 
(/*) Short height of stack. 

{(/) Sui)erior personnel availablQ^ for the operation of the burners. 
( h ) Ability to secure and maintain higher speed with oil fuel than 
with coal. 
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The accompanying photograph (fig. 43) showing one of the Boston 
and Maine engines ''double-heading" just before entering the Hoosac 
tunnel, with oil and coal burning locomotives, will tell of the possibility 
of torpedo boats at reduced speed burning oil without smoke issuing 
from their stacks. It must be understood, however, that the smokeless 
burning of oil fuel in a torpedo ])oat can at present be effected only when 
there is a limited consumption of fuel. The efficiency of such boats, 
however, may be vastly increased when improved baffling is secured, 
and it is hoped that the smokeless burning of oil may be eventually 
obtained even with a marked increase in fuel consumption. 

The board considers that the eradication or mitigation of the smoke 
nuisance in torpedo boats is intimately connected with the question of 
baffling, and the commanders of the various torpedo boat flotillas 
could render the Bureau an inestimable service by making experiments 
with various forms of baffling. In the small or bent-tube t3'pe of 
water-tube boilers the most important problem now confronting 
experts is a systematic arrangement of baffling whereby combustion 
can be effected within the tubes instead of within the smokestack. A 
special design of baffling will have to be arranged for each distinct 
type of water- tube boiler. 

The appended photograph (tig. 44) of the V. S. torj^edo boat Gwin^ 
fitted with a '' W. N. Best'' design of installation, while undergoing 
some oil-fuel, dock trials at the Norfolk Navy-Yard, shows the suc- 
cess attiiined in the smokeless burning of liquid fuel. The evaporative 
capacity of the boilers obtained under these conditions was not great, 
but the board believes that with further investigation and experi- 
ment more satisfactory results as regards evaporative output will be 
secured. 

The comparative study of oil-fuel installations for torpedo boats in 
connection with the development af locomotive oil burning is worthy 
of special and further investigation by the Department, and the good of 
the service would be subserved by detailing some of the commanders of 
the torpedo boats to special tem[)orarv duty in observing and report- 
ing upon the work performed by the oil-burning locomotives of the 
Atchison, Topeka and Santa Fe and Southern Pacific Railroad systems. 
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MECHANICS OF COMBUSTION AS SPECIAIiliY RI^iliATING 
TO USING lilQUID FUEIi. 

While the theory of combustion is well understood b}- all having a 
knowledge of the elementary principles of chemistry, there are prac- 
tical considemtions that enter into the matter of burning both oil and 
coal as a fuel, and therefore the economical consumption of fuel in 
large quantities can only be effected in boiler or furnace installations 
which have been designed by technically trained experts possessing a 
knowledge of what well may be termed the practical mechanics of 
combustion. Considering also the widespread and special interest now 
taken in the oil-fuel problem and the fact that radically different sys- 
tems of oil-fuel installations are being projected, it is deemed specially 
important to consider the question of how the combustion of oil may 
be best obtained. 

Hundreds of oil burners have been designed which, viewed from a 
chemical and theoretical standpoint, should have operated efficiently; 
and yet when such appliances were subjected to actual tests the 
devices proved unsatisfactory. There are, therefore, practical condi- 
tions as well as chemical principles that must be considered in the 
solution of the liquid-fuel problem, and the board thus regards the 
mechanical features of the oil-fuel combustion question as a subject 
deserving of special study and investigation. 

Everyone is aware of the fact that with a charcoal or coke fire it is 
possible to maintain very intense combustion within a comparatively 
small space and with very little smoke. This sort of fire was known 
to the smelters of the bronze age, and it is still used in blast-fur- 
nace and other operations where great concentration is required. 

The explanation lies in the fact that the fuel is solid, even at the 
highest temperature. The solid particles in the smoke are probably 
particles of ash, but whether they are ash or unconsumed carbon, they 
are exceedingly small, as shown by the bright blue color of the smoke. 
As a result of this solidity no carbon can leave the bed of hot coals 
except as a constituent of CO or of COj. In either case the combustion 
will be free of soot or smoke, since both gases are colorless and trans- 
parent. If the carbon goes up the stack as a constituent of CO it 
carries with it two-thirds of the heat that it was primarily capable of 
yielding up, and it is only with respect to the possible formation of CO 
instead of COg that a charcoal fire fails to give perfect results. Were 
it not for this possibility there would be no reason why a charcoal fire 
should need more space than is sufficient to contain the fuel itself. 
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The obvious way to prevent the formation of CO is to force a larger 
quantity of air through the bed of coals, but this alone is insufficient. 
Experience shows that even when the amount of oxygen passing 
through the bed of coals is twice that requisite for the complete com- 
bustion of the carbon, there is still some of the carbon that leaves the 
furnace in a partly burned condition. The only way in which this car- 
bon can ])e completely burned is by subsequent diffusion of the gases 
whereby each molecule of CO sooner or later meets with an atom of 
free oxygen and so becomes COj. But this diffusion requires time; 
and as the gases are being constantly cooled as they are carried along, 
it may happen that they will be cooled below the ignition temperature 
before union takes place. So that even in a charcoal fire the need for 
apprecia>)Ie combustion space is obvious. 

Complete combustion requires that for every atom of carbon and for 
every two atoms of hydrogen there shall be at least one atom of oxy- 
gen brought in close proximity and then and there subjected to a 
tempemture sufficient for ignition. In other words there must be a 
thorough mixture and then ignition. It is doubtful if a mere mechan- 
ical mixture, however complete, could ever te perfect enough to 
bring about the desired result. This is well illustrated by contrasting 
the smoky combustion of black gunpowder, where we have a mechan- 
ical mixture, with the combustion of the so-called smokeless powders, 
in which the mixture is so thorough and minute that similar pro- 
portions of oxygen, carbon, and hydrogen occur in each separate 
molecule. 

In all ordinary cases of combustion, however, where we draw our 
supply of oxygen from the atmosphere, it is only by virtue of the 
property of diffusion that a sufficientl}' intimate mixture is attained. 
As to the real nature of diffusion, it is known that at ordinary tem- 
peratures the particles of oxygen in the air are moving about in every 
conceivable direction at velocities avei*aging over 1,600 feet per second. 
Any one atom, however, moves only an inappreciable distance before 
being arrested by collision with another atom. So that although the 
average velocity of the atoms is probably equal to that of a rifle ball, it 
still takes an appreciable time for a particle to travel even a moderate 
distance. It is this time element that constitutes the great stumbling 
block when the attempt is made to burn a large amount of combustible 
in a small space. 

As before noted, the reason why intense combustion is easily attained 
with a charcoal tire is that the fuel is solid at the temperature of 
ignition. Being solid it can present a large surface for the oxygen to 
act upon, and an atom cannot break away and go up the chimney 
without first being united with at least one atom of oxygen. 

In the combustion of hydrocarbons, on the other hand, we have the 
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following conditions: The fuel is already on its way to the chimney 
before it is even partially burned. The firet effect of the heat is to 
disassociate the carlx)n from the hydrogen. AVhether or not the latter 
unites with the oxygen does not affect the soot or smoke question, 
since the constituents and also the products of combustion of hydrogen 
are alike ti-ansparent colorless gases. But in any case the carbon, left 
alone in the form of an impalpable dust, is much loss f avorabh^ circum- 
stanced than that in a charcoal fire. If it were attached to a hot coal, 
as in the charcoal fire, so as to be capable of receiving a blast of air, its 
combustion would be easily accomplished. But instead of this, it is 
carried along by the current of gases, and unless it is given plenty of 
time before being cooled it will be left alone as a particle of soot. 

An examination of the nature of flaming leads to similar conclusions. 
The luminous part of a flame is caused by the white-hot particles of 
carbon. These particles have been robbed of the hydrogen with which 
they were formerly associated, and they have not yet met the oxygen 
necessary for complete combustion. This process of finding, or of 
being found by, the oxygen requires time, and if perchance the tem- 
perature falls below that of ignition before the process is completed, 
the carbon will be deposited as soot or else go on up the stack as smoke 
along with the excess of oxygen with which it should have been united. 
Thus an unmistakable symbol of the conditions that are necessary in 
order to burn a large amount of combustible in a small space is a short 
flame. 

The circumstances which conduce to shortness of flame are: 

First. Pure carbon fuel, becaase the fuel can not leave the grtite or 
furnace until it is burned to CO at least. In any case it can not 
deposit soot, since CO when cooled is a transparent gas. 

Second. Intimate initial mixture of oxygen with the fuel, since the 
more intimate the mechanical mixture the less time will it take the 
gases by the process of diffusion to l>ecome perfectly mixed. 

Third. Initial heating of the air, since the mte of diffusion increases 
with temperature. 

Fourth. Large surface of fuel presented for impact of the oxygen. 

The desirability of supplying a combustion chamber whose volume 
is at least equal to the volume of the flames seems obvious. In this 
connection the fact should not be overlooked that a slight increase in 
the volume of the combustion space acts in two ways to improve the 
quality of the combustion. One way — that having to do with the 
greater time permitted for diffusion — has already been touched upon; 
but apart from that there are influences at work in consequence of which 
an increase in the volume of the combustion space actually diminishes 
the volume of the flames. This is because the temperature of the 
larger space is higher, and the higher temperature hastens the process 
of diffusion. 
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During the process of diffusion heat is being liberated at all points 
throughout the combustion space. Hence all parts of the space are 
being traversed by heat vrvs emanating from every other part of the 
combustion chamber. It is readily seen that the temperature within 
this space must, under these conditions, increase with the volume to 
an extent limited only by the transparency to radiant heat, and by the 
temperature of disassociation at which, necessarily, heat ceases to be 
liberated. Since the transparency of the combustion space is dimin- 
ished by the presence of solid carbon (for whether black or incan- 
descent it is in any case opaque), it follows that the increase of 
temperature with a given increase of volume will be less in a space 
filled with luminous flame than in one tilled with burning hvdrogen 
or CO. 

This question of the proper size of the combustion space is further 
complicated by the presence and condition of the solid walls of the 
furnace, whether, for instance, they are themselves incandescent or 
merely black absorbers of heat. There seems no reasonable doubt, 
however, that incandescent walls will hasten diffusion and hence 
shorten flame. 

Where it is possible for the diffusion to l)e completed before com- 
bustion begins as in the Bunsen gas burner the difliculties naturally 
disappear and there is readily attained a very short flame which, more- 
over, is incapable of depositing soot even on a cold object. 

In the case of a liquid fuel which is incapable of vaporization the 
diffusion and ignition must occur simultaneous!}'. With such a fuel 
there is bound to be considerable flaming. Another diflicultv, and 
one from which all solid fuels are free, arises with this sort of fuel 
from the action of capilarity or surface tension. Thus, no matter how 
finely the liquid is pulverized, each tiny drop assumes a spherical 
shape and so presents the least possible surface for the impact of oxy- 
gen atoms. 

From what has been said it seems clear that a liquid fuel such as 
crude petroleum requires an ample combustion space, more indeed 
than does almost any other sort of combustible material. 

The relative dimensions — length, breadth, and depth — of the com- 
bustion space are of minor importance. The primary requisite is 
volume, and that alone, provided all parts of it are traversed by the 
same quantity of gas in a given time; in other words, provided the 
gases are not short-circuited through or across some pails of the space 
to the neglect of others. Thus, if a current of gas flows through a 
cubic foot of space at the rate of 1 cubic foot per second, each particle 
of gas will spend one second within the space, regardless of whether 
the space is long and narrow or short and wide. In a long and nar- 
row space there is less chance of the gases talking a short cut, and 
herein lies the sole utility of introducing baffles in the combustion 
space. Indeed, there is a strong objection to their introduction arising 



MECHANICS OF COMBUSTION. 317 

from the fact that the narrower the passage the greater will be the 
velocity of flow and the greater the distance to be traversed. Since 
the resistance that the draft pressure must overcome is proportional 
to the square of the velocity of flow and to the length of the passage, 
it follows that for a given volume of combustion space the dmft 
resistance will be proportional to the cube of its length. The advan- 
tages are, therefore, in favor of the combustion space of large cross 
section and short in the direction of the flow of the gases. 

As to the difficulty arising from the tendency of the gases to follow 
the path of least resistance and to flow, for instance, with too great 
velocity at the center of the space and too little at the sides, that can 
always be checked by means of retarders placed so as to equalize the 
velocity over the cross section of the current. The difficulty, therefore, 
reduces itself to the mere trouble of finding out where to place the 
retarders, and this is obviously a question to be settled by experiment. 
What is true in this matter of the combustion space is also largely true 
of the tube space. The process of diffusion, so important to combus- 
tion, continues after the combustion is complete, and nmst have a good 
deal to do with the rate at which heat is abstracted from the gases by 
the heating surfaces. As affecting the necessary amount of draft 
pressure, a tube space short in the direction of flow of the gases 
and of large cross-sectional area is better than one of small area and 
long in the direction of flow; but on account of the lesser velocity 
of flow through the short space the gases within it will be less thor- 
oughly mixed by eddying, and the importance of arranging the heat- 
ing surfaces so as to permeate all parts of the space will be increased. 

A primary requisite for the successful burning of a nonvolatile 
liquid fuel is the exposure of the fuel to the heat of the furnace in 
such a form that it presents the largest possible surface for the 
impact of the atoms of oxygen. From the principles of capillary 
action it is possible to establish a standard by which to judge of 
the efficiency of the various methods for increasing the free surface 
of the oil. 

Oil in bulk has practically no surface. When broken up into fine 
drops, the surface is the aggregate surface of all of the drops. The 
smaller the drops of oil the more perfect the spheres. Thus drops of 
oil one one-thousandth of an inch in diameter are known to assume the 
spherical form with a rigidity comparable to that of a steel ball 1 inch 
in diameter. The work necessarily performed by the atomizing agent 
is simply the work of stretching the surface. 

Petroleum whose density is 0.92 has a bulk of 30 cubic inches per 
pound. When broken up into spherical drops the surface of a pound 
of oil is 180 -T- d square inches, d being the diameter of the drops 
expressed as a fraction of an inch. The work required to stretch the 
surface of petroleum is 0.0000151 foot-pound per square inch. From 
these facts we can compute the work done against surface tension in 
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forming spray. This work is 0.00^272 -r- d foot-pounds per pound of 
oil. Thu.s for drops 0.0001 inch in diameter the work is 27.2 foot- 
pounds per pound of oil. There is no known method whereby, even in 
theory, oil can be sprayed with such a high degree of efficiency as that 
indicated above. 

The only obvious way of stretching the surface of a liquid which, 
like petroleum, is incapable of being drawn into a thin tilm is by oppos- 
ing force to change the momentum, and this necessitates imparting to 
each particle a velocit3\ and hence a kinetic energ}'. 

The diameter of a gravity drop of oil (a drop which is broken off 
from a larger mass by the force of the weight of the drop itself) is 
about 0.15 inch. Starting from this datum we can derive an expres- 
sion connecting the diameter of the drop with, for example, the 
diameter and the number of revolutions of a circular disk from the 
periphery of which the drops are thrown off by the action of centrifu- 
gal fojTc. Such an expression is 

7^*j9^/ = 10,570 

where // = revolutions per minute, 

/>= diameter of disk in inches, 
(J = diameter of drop in inches. 

The drops are, of course, thrown off with a velocitj' equal to the 
peripheral velocity of the disk. The kinetic energy represented by 
this velocity for petroleum, having the assumed density of 0.92, will 

be 0.00311 -T foot-pound per pound of oil. 

This kinetic energy added to the energy required to stretch the 

, _, ., . 0.00272 + 0.00311 i>^ ^ , , 

surface of the oil gives us j foot-pound per pound 

of oil as the total energy required to spray the oil by this method. 
The kinetic energy is 1.14i> times the energy required to overcome 
the surface tension. To illustrate the above, suppose the drops are 
0.0001 inch in diameter and the disk is 8 inches in diameter. The 
work of stretching the surface will then be 27.2 foot-pounds and the 
kinetic energy will be 248.8 foot-pounds, making a total of 276 foot- 
pounds per pound of oil. Contrast this with the results attained with 
a steam jet. 

When the oil is sprayed by a steam jet one-half pound of steam per 
pound of oil, or 5 per cent, of all the steam generated (evaporation 10 
pounds of steam per pound of oil) is considered fairly economical. But 
in a moderately economical steam engine — i. e., one giving a horse- 
power for M^ pounds of steam per hour — one-half pound of steam 
yields 28,700 foot-pounds, which, at 252 foot-pounds per pound of oil, 
is capable of spraying 104 pounds of oil into drops 0.0001 inch in 
diameter. The steam jet is therefore only about 1 per cent as efficient 
as is theoretically possible. 
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In making this comparison we have of course assmued that the 
steam jet also produces drops 0.0001 inch in diameter. More likely 
the steam jet produces drops of various diameters. Some idea of their 
probable size may be formed from the following dimensions: 

0.00000045 inch, thickness of black spot in soap })ubble. 
.0000845 inch, thickest red of soap-bubhle film. 
.0001667 inch, [ diameter of drops in cloud of exhaust steam from 
.0002 inch, ) low-pressure engine. 

. . .\ • 1 \" diameter of drops in rain cloud just about to fall. 
.0222 inch, \ ^ •' 

The development of a .simple mechanical burner ought therefore to 
be not only possible but probable. For marine work particularly such 
a burner would possess advantages over any appliance that required 
air or steam for effecting atomization of the oil fuel. 

A study of the liquid-fuel problem from the standpoint of the prac- 
tical or mechanical rather than the theoretical or chemical feature of 
com))ustion would therefore show that when an assured and reason- 
ably cheap supply of such fuel can ])e obtained, and when steam gen- 
erators arc designed for ])urning oil exclusively, it will be essential 
for the efficient and forced ])urning of such fuel to provide lK)ilers of 
greater volume than now constructed for designated horsepowers. 

The resulting gain from the installation of naval toilers of greater 
volume than now permitted for designated horsepowers (even though 
such boilers would require more weight and space than now allowed 
for such horsepowers) would su))serve naval interests and be manifest 
in the higher efficiency, increased capacity, and in greater endurance 
of the boiler — the lungs of the vessel. 

Where there are no limitations as to space, weight, or height, as in 
land boilers, the increase in volume could be best secured, in the case 
of fire-tube boilers, by lengthening the tubes and furnaces and l)y 
enlarging the combustion chambers. 

In the case of marine installations, and particularly so for naval 
purposes, the enlargement in volume could be best secured by giving 
the boilers greater height. In connection with this matter it may 
})e incidentally stated that heretofore in naval construction the instal- 
lation of a protective deck on gunboats and protected cruisers has 
limited the height of naval boilers. Now that the usefulness of a 
protective deck in other than armored cruisers and battle ships has 
been seriously questioned, it would appear as if the height limitjition 
of boilers installed in naval ships of moderate displacement should not 
be so severe. In the case of the armored cruiser and l^attle ship the 
gain in efficiency and endurance that would be obtained from increas- 
ing the height of boilers fully warrants the designing in those vessels 
of a higher arched protective deck. 
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For marine purposes it has been iiesired that burners should be 
installed capable of effecting vaporization of oil without the aid of any 
intermediary of steam or compressed air. The direct use of steam 
entails a corresponding loss of fresh water, which in the ease of ships 
undertaking long vo3'ages means considerable financial loss, especially 
if an extra amount of fresh water has to be carried in tanks or double 
bottoms, or has to l>e made up by the expensive distilling and con- 
densing oj^erations of the evaporator. In stationary and land prac- 
tice this loss of fresh water may be of no serious consequence, but for 
marine purposes the use of steam as an atomizing agent means a fur- 
ther additional charge against the ship, whether the extra water used 
must be obtained by distillation or whether a dead weight of water 
must be carried in the double bottoms. 

Where compressed air is used as a medium with which to effect 
praying, although no direct loss in fresh water is involved, the introduc- 
tion of air compressors encroaches upon the weight and space allowed 
for installation of machinery and requires considerable attention in the 
nature of upkeep and repairs. The character of the air compressors 
necessary to supply sufficient air for a number of marine boilers is 
such that the space occupied b}' them in an engine room or other com- 
partments is considerable. The horsepower required to operate com- 
pressors is also quite an item, and to this extent involves an additional 
drain on the fuel. 

Since the early days of oil burning, various plans have been pro- 
posed to effect vaporization by entirely mechanical means. Early 
inventions contemplated the use of oil running over surfaces exposed 
to the action of flames and the burning taking place directly on the 
exposed surface of the oil. All such plans proved decidedly inefficient 
owing to the fact that the air supply could never be brought to the 
burning surfaces of oil in quantities sufficient to effect complete com- 
bustion; consequently all mechanical burners operating on that plan 
have been long since abandoned. The next field of invention that gave 
indication of success was to design burners in which the oil would be 
spniyed positively by mechanical action. 

Mechanical action can l>e resorted to, for the purpose of spraying 
oil by two general methods: First, to force oil outward under con- 
siderable pressure from a properly formed orifice, by the action of a 
special pump; second, by whirling or flinging the oil outward from a 
rapidly revolving mass or burner head. 
320 



MECHANICAL BURNERS. 



321 



The board recognized the fact that to conduct extensive tests of 
these two separate means of burning oil fuel would require a long 
range of experimentation, which the facilities of the Bureau would 
not permit. Tentative experiments were, however, conducted, and of 
sufficient extent to indicate a possibility for successful development of 
these buniers. The board has previously made reference to a series 
of observations conducted with centrifugal burners, from which were 
derived a number of interesting fact^. (See pages 258 to 266,) 

Of the mechanical spray burners it may be said that very few have 
achieved success. It is obviously very diflScult to devise an apparatus 
which is capable of dividing into a tine spray a material so thick and 
viscid as fuel oil. As a step to the study of how mechanical spraying 




Fig. 4.S— Formation of a mechanical spray, under the joint action of the pump pr^sure on the oil 
and the centrifugal action of the.screw giilde blades. 

can be effected, an examination could be made of certain forms of noz- 
zles now used for water spraying or for lawn sprinklers. In these little 
devices we have a somewhat similar problem. It is desired to spray 
water by means of no other power than that resting in the pressure of 
the water itself. In the case of oil, as the fluid is far more viscous 
than water, it would seem that a greater pressure should be applied 
to the fluid in order to effect a corresponding breaking up of the oil 
into particles. 

In fig. 87, are shown a variety of orifices, any one of which 
may effect the spi'aying of a fluid provided the pressure on the 
medium is suflficient. From the experience gained with these types 
of orifices, it has in general been observed that the best effects 
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can be obtained from an orifice or nozzle as shown in fig. 45, on an 
enlarged scale. It will l)e seen that the fluid passing through the 
orifice under the action of the heavy pressure has first imparted to it 
a rotary motion, caused by the introduction of spiral blades, which 
blades should be sufficiently near to the orifice so that the rotation of 
the oil will not be reduced by the action of the skin friction of the 
passages between the blades and the tip or orifice. The fluid, once 
passing the point of the orifice, then meets into collision with the 
various streams of fluid, and, together with the centrifugal action, 
the ensuing result is that the oil will be expanded or thrown off into 
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Vm. 4<l. — Original Korting nicchunical burner. 

the radiating lines, as shown in the diagmm. The pressure behind 
the fluid, the pitch of the guiding blades, the sharpness of the orifice 
edges, and the form of the central cone are all important iU^ms, each 
of which has a relation to the final result. Burners designed on these 
lines can give and have given very fair results. 

Referring to work actually accomplished with mechanical burners, 
reference should be made to the successful installations undertaken 
by the Korting Brothers in Europe. Their first form of burner was 
on the lines as shown in fig. 4^). From this it will be seen that the 
oil, under the action of the pump, is forced through a tapering screw 
thread and to the spraying orifice. The effect was reasonably satisfac- 
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tory. Later designs by these manufacturers (fig. 47) show this burner 
with the orifice given, the lines somewhat resembling an injector 
instead of spraying outward from a sharp edge. The loss of spmying 
effect from the sharp edge is probably made up for, by a current of air 




Fk;. 47.— Kiirting mechanical burner; seule full size. 

which is swept through the small holes in the outside rim of the })urner. 
A further improvement on the mechanical fittings of this l)urner is 
shown in the mechanical oil burner used on the Netherlands revenue 
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Fio. 4.S,— Mechanical oil burner on Nederlands's Revenue Cruiser Hascnmnd. 

cruiser ILi^t mrtuih A cross section of this burner is as shown in 
fig. 48. The structural details are greath^ modified, while the essen- 
tial principles remain the sanie as in the previous burnei>i. The 
points of difference noted are that each working part is made quickly 
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removable for examination or cleaning. Burners of this type have 
been long in use in the service of the vessels of that country, and appear 
to have given satisfaction and to have produced very little smoke. 

Fig. 49 shows a mechanical burner used in the Baku oil fields of 
Russia. It would at first l>e thought that burners operating in land 
service should not seek to be specially economical in the use of steam 
as a spraying medium; but as the use of a steam burner always entails 
the loss of water, and as the Baku oil fields are practically on the 
edge of a desert, where all water has to be hauled or pumped, it is there- 
fore necessary in that locality to resort to ever}' method possible to effect 
water saving; hence the development of this mechanical burner for land 
service. In this burner it will be observ^ed that the spraying is effected 
by the action of two sets of spiral guide blades — one set within an 
inner tip and one set within the outer tip. It will be noted, further, 
that the outer spraying tip is removable; so that, as the tip edges 
wear, new tips can be inserted or special tips can be placed for use 
under certain conditions of pressure or fluidity of oil. 

The experimental board, late in the course of its investigations, 
devised the burner as shown in fig. 50 for test purposes, to run under 
mechanical action, but opportunity was not presented to put it into 
service. As is shown in the sketch, the guide blades are very open 
and of steep pitch, as it was the intention to use it on California oil, 
which is of greater viscosity than the Texas product. The shape and 
type of the tip was such that changes in angles or sharpness could be 
quickly made, or new tips replaced as old ones became worn. 

It should be noted that with all these mechanical burners the tips 
are required to be very small in the diameter of orifice, usually not 
over one-sixteenth of an inch. As the oil is forced through under 
considei'able pressure, and as the oil carries more or less grit, the tip 
is therefore subjected to considerable wear, and of necessity should 
be made quickly renewable. 

Any burner operating on the mechanical principle requires as a 
fundamental essential for its satisfactory operation that the oil should 
always be supplied under considerable pressure, probabl}" never less 
than 40 pounds to the square inch, and many plants are stated to be 
running under regular pressures as high as 150 pounds. 

It is further essential that the air supply should always be brought 
to as high a temperature avS possible, either by superheating, as in 
the Howden system, or by proper arrangement of the furnace passages 
whereby the air can be not only made to pass between heated linings, 
but can be brought to impinge on the newly formed jet or spray of 
oil in such manner that combustion can be immediately effected. The 
air necessary for combustion must be under control and regulation in 
order to conform to the quantity of oil being forced through the ori- 
fice. With a carefully adjusted heated air supply and properly regu- 
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lated burners this mechanical method of spmying oil will undoubtedly 
give satisfactory results. 

In tig. 51 is shown the arrangement of furntu»es as installed in the 
Nederland steamer Broiiirrr. It will be noticed that the mechanical 
appliances or burners spray into a furnace in which there has been 
substituted for the grate bars a special design of cast-iron ribbed 
plates. Iri what would appear as the ash pit there is placed a thin 
sheet-metal partition, so arranged that the entering air ptusses in on 
the lower side of the partition and receives in transit some heat from 
th(^ lower corrugations of the furnace. This air then passes to the 
upper side of the partition, between the cast-iron ribs, which are very 
hot, owing to their jn'oximity to the flame, and having thus become 
heated the air strikes against the freshly formed spray of oil, i-apidly 
producing intense combustion. A seeming objection to this furnace 
would be that the upper part of the furnace is entirely unprotected 
by brickwork, conseiiuently the fuel oil is likely to stride the cold 
plates, whereas no oil should in the early formation of the spray strike 
anything but highly heated brickwork. However, as thus arranged, 
these furnaces appear to have afforded reasonable satisfaction and 
immunity from smoke. 

In the opinion of the board a more efficient arrangement could be 
obtained by using furnaces with extension fronts and provided with 
air inlets so devised as to give the entering air not only a higher tem- 
perature, but also a considerable spiral action. Furnace designs of 
this kind are as shown elsewhere in this report in fig. 9S, Forms IV 
and V, and fig. 104, Forms VIII and VII. . 

Mr. K. A. Meijer, superintendent engineer, Koninklijke Paketvaart- 
Maatschappij, of the Nederlands-Indies, has adopted mechanical 
spraying of the Borneo oil in a number of the large steamers of that 
company, and his views are as thus set forth: 

III arrangiup the ordinary fiiniace of a marine boiler for the burninj^ of Uqnid fuel 
the following important points have to l>e ke])t in view: 

((/) With a sin<j:le mechanical burner pro})ably no more than a ijuantity of oil suf- 
ficient for about 80 I. H. P. per hour (^n be injected into the furnace (enlarging this 
burner would impair it« good working), and this often renders it necessary to place 
two and sometimes three burners on each furnace to allow the full quantity of fuel 
necessary for the creation of the desired steam, to enter the furnaces, and ample room 
should thus be given on the furnace front, a.s well as in the furnace itself, to allow 
for these a<lditional burners. 

(Jt) The air necessary for combustion — alKHit 200 cubic feet i)er ])Ound of oil — lias 
to be well heated before coming into conta(!t with the j)articlos of fuel, and this con- 
tact should be a*i intimate as jwjssible to allow every particle of oil to be well sur- 
roumied by the hot inflowing air. Care should be taken to allow the fresh air from 
without, a free access to the furnaces, and therefore the stokehold gratings on deck 
should be made large and in accordance with the (piantity of air necessary for 
cond)usti(m. 

{r) To maintain a projK^r contact between air and fuel the air flowing in should 
surround the injected oil on all sides in the furnace. 
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{(l) The jet of oil fuel iiuwt spray freely into the furnace and burn there without 
touching any of the Iwiler i)arti< or brickwork, as this would (»u8e the formation of 
carbon. 

(<•) A good quantity of brickwork is necessary in the furnace, not only to act as a 
bridge to prevent the escai)e of the gases unbumed through the funnel or as a protec- 
tion for the back of combustion chamber, but also to allow the brickwork, after being 
heated, to act as a heat accumulator, thus constituting an aid in keeping the furnace 
at a high temperature. 

(/) The opening of the fire bridge for the outflow of gases should l)e tried very 
accurately, as an o^Kining in) small or too large would i)roduce a thick smoke. 
Experience with Borneo oil fuel fihowe<l 0.6 square feet of (»pening per burner to be 
about the required size. 

To these the experimental l>oard would certainly add the following: 

(</) Careful filtration of oil is an essential. As the spraying nozzle must have a 
fine aj)erture, any chip or jmrticle of sand or dirt will easily clog it, therefore filters 
of wire gauze should l)e fitted of mesh at least one-half the diameter of orifice. It 
would also \)e found beneficial to use double strainers. 

It 18 also impoiiant that the temperature of the fuel oil should be 
raised by some system of gentle heating in order to increase the fluid- 
ity of the oil, but it should be noted that this heating should not be 
carried much over 140^ F. Perfectly cold oils of certain fields are at 
low temperatures, very viscous, and in fact .so thick at temperatures 
below 40"-^ that many have the consistency of a tar rather than oil. 

The sprayed oil fuel after leaving the nozzle of the mechanical 
burner should show an even light gray color as water vapor. The 
brown or dark line in the sprayed oil proves that there is some 
obstruction in the burner, and the needle or nozzle should be instantly 
taken out and cleaned or replaced by a spare one. The construction 
of most of the mechanical l>urners makes this change an easy matter. 

OIL-FUEL TESTS ON BOARD THE STEAMER TEBE. 

The increasing attention devoted to the mechanical spraying of oil 
without the use of any intermediary of compressed air or steam to 
effect vaporization induced the board to take cognizance of the work 
being done in this direction on the Continent. 

As an example of carefully conducted tests carried out on a scale 
sufficiently extended to secure fair results, the board appends infor- 
mation obtained in a series of runs of the steamship Tehc, as conducted 
under the supervision of the Engineer Sal atore C)rlando, of the 
Navigazione Generale Italiana, as pul)lished in the Rivista Marittima, 
March, 1904, and translated by the Office of Naval Intelligence, 
I'nited States Navy Department. 

The steamer Tehe, of the Navigazione Generale Italiana, recently made a voyage for 
the purpose of testing oil fuel in combination with a Korting spraying burner. In 
view of the good results secured during these tests, it is deeme<l desirable to give 
some data concerning the working of this installation. 

The Tehc has a triple-expansion engine, built by the Odero Works, of 1,973 I.H.P. 
Steam is supplied by two double-end Scotch boilers of six furnaces eat^h, the entering 
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air \yeiug heate<l by the Howden FVHtem. The total heating surface is 6,458 square 
feet, with heating tubes fitte<l with retarders. 

In thei?e experiments Texas i)etroleuni was used, whidi was obtaine<l from the 
oil deiK)t at Alexandria, Egypt. Being in the crude state, or nearly so, this fluid is 
very viscous and does not possess the searching qualities of refined j)etroleum, and 
thus the fuel may \x*. ke])t with i>erfect safety in an ordinary double-bottom compart- 
ment of the vessel. It was thus kept on l)oard the Tefte. 

In onler to allow the noxious gases of the cnide i)etroleum to es<rai>e, every oil 
compartment waa fitted with pijH»s rising alK)ve the upper <leck, with ell)ow extrem- 
ities inclosed in a safety casing turning downwanl. 

The p<)int of ignition of the fuel used was found to Ih' quite high. Partial ignition 
only occurred at 1W° F. and complete ignition at 230° F. This is considerably 
Ixnond the ndnimum limit of safety rec^uired liy Lloyd's in London. The density 
of \hv thud bunied was 0.981 at 60° F., 0.905 at rM)° F. 

It co!itaine<l less than 1 ])er cent of sulphur and the residue of ashes was 0.021 
per cent. 

The oil is drawn from the double bottom by means of a Blake pump of a ca^mcity 
of 12 t(»ns an hour and then conveytnl to two service tanks of 10 tons each, designed 
to supply alternately the necessary oil to the burners. 

The main object of these tanks is to sei>arate the iH»troleum from any water which 
it may hold in sns|>ensi(m. 

In the bottom of these tanks is a network of diaphragms forming rolling divisicms 
which i»revent the water, after having l)een s€»i)arated, from again mixing with the 
oil in consequence of the motions of the steamer. 

Above these divisions, which are about 6 inches in height, is a steam coil for heat- 
ing the oil to 140° F. 

VAU'h tank is fitted with a gauge for measuring the oil, a rec»eptacle for collecting 
the water in which is fitted a gauge for measuring, and a piin* for drawing off the 
water, a cleaning orifice, a gas escape pipe, an overflow piiH?, etc. 

It was estimated that the consumption would l)e about a tim of oil j)er hour, and 
as a consumj)tion of two tons was never pennitte<l, each tank would then serve as a 
reservoir for about eight hours' oi)eration, during which time the water in the tank 
not in use would have time to sei>arate from the heated oil, owing to the difference 
in density. 

The density of the ywtroleum at 130° F. being equal to 0.905, as state<l al)ove, this 
separation was effei^ted rapidly, and the water which gathered at the bottom of the 
tank scjon ai)i)eared in the gauge of the water-collecting receptacle and was easily 
drawn off. 

The suction pipe fnmi these tanks ha^ a cock just al)Ove the rolling divisions and 
thus ]»ractically prevents even a small quantity of water from l)eing conveyed to the 
burners. 

The spraying of the fluid into the furnaces is effected by means of two small Worth- 
ington horizontal pumps, use<i intermittently, of a diameter of 8 inches, with a metal- 
lic net suction filter. The crude i»etroleum drawn fn»m the surface tanks is forced 
by these AVorthington )mmi)s into heaters into which the ten)|)erature of the fuel oil 
is increased from alM)ut 185° to 185°. The oil supply after i)as8ing through a net 
filter (two of which are provided for intennittent service) (r, tig. 52) finally reaches 
the furnaces through the mechanical burners or sprayers. 

The burner consists of an iron casing having a discharging orifice about 0.05 inch 
in diameter, with a conical opening toward the interior of the furnace. Inside of 
this casing is a steel spindle, <ty which is held by a rpiral spring in a central pasition 
relative to the discharging orifice. 

In order to reach the orifice in the ca.sing the fuel oil must pass l)etween the spirals 
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of the triple-thread »vt^\\ i\ taking on a rotary motion when worked under preseure 
of 45 pounds per square inch. Owing in part to the restricted ppace between the 
8piral8 of the screw, and partly to the limitation of the circular space formed during 
rotation, a8 well as to centrifugal force develope<l, the oil is completely atomized and 
enters the furnace in the form of a funnel rather than of a cylinder. In each furnace 
there are two burners, U inches apart, which may be operated independently of each 
other. Owing to the proximity of these burners the axis of the two cones of flame 
would intersect each other. In order to obviate the effei't of this neutralization of 
rotation at the colliding point, the screw of one burner has been made right-handed 
and the other left-handed, and therefore the two oil cones would not strike each 
other, but rather aid one another in their motion. 

The pressure of the oil necessary to effect gcKxl comburtion is al)out 45 pounds. 
Where it is desired tc» increase or reduce the rate of combustion the pressure must 
be raised or lowered. 

The air requisite for combustion is introduced into the furnace through the ordi- 
nary Howden openings. The ring/, as will be seen from the drawing (fig. 53), com- 
pels the air requisite for combustion to mix intimately with the two oil cones, and 
this is attested by the practical immunity from smoke as observed during the 
experiments. 

The Korting company, which made the oil-fuel installation, had guarantee<l to 
secure an output of evaporation of not lew than 2,8(i5 pounds of water at a steam pres- 
sure of 190 pounds with feed water at 158° F. This heating of the feed water was 
obtained by means of an ordinary Weir heater. 

For measuring the feed water the following method was employed: A reservoir 
or tank for the fee<l water was installed along^<ide the air pump. The capacity of 
this receptacle was accurately measured and sulxlividecl into quantities of 26.4 gal- 
lons by appropriate marks on the gaugt» glass with which it is fitted. At the moment 
of observation the suction of the feed pumps was closed, so that the water, after 
filling the chamber of the air pump, flowed into the tank and indicated the height in 
the gauge. 

By measuring with a second counter the time employed in passing from one meas- 
ure to another, the attemiant could deduce the feed water i>er hour corresponding to 
the rate of the engine at that moment. 

Sinmltaneously the quantity of oil consumed was accurately measure<l by noting 
the drop of the oil in the gauge glass. There was thus obtained the two factors 
essential for determining the quantity of feed water evaporated per unit of liquid 
fuel. 

A careful observation showed that 52.8 gallons of water at a temperature of 96.8° F. 
were evaporated every fifty-four seconds. There wan an hourly consumption of 280 
gallons of oil, and as the density of the oil, as previously stated, was 0.905, the con- 
sumption per hour by weight was 2,112 pounds. The quantity of feed water evapo- 
rattMl per hour may l)e assumed to be about 20,000 pounds, and therefore the 
evaix)rati()n of water per pound of fuel was 13.77 pounds. 

Except for the fact that the steam jet apj^liance— which had been instaileii for 
clearing obstructions which formed on the nets of the filter — proved inadequate, the 
general operation of the plant was very satisfactory. 

The choking up of the filters occurred quite frequently; so much so that at the 
end of a few hours of operation all the filters had to be taken down in turn to be 
cleaned. These obstructions were first indicated by the increase of the pressure of 
the oil in the heaters as well as by the appearance of smoke in the furnaces. 

A careful examination of the deposits formed on the nets of the filters showed that 
the obstruction was not a foreign substance carrie<i along by the oil, but rather car- 
bon held in suspension in the oil itself. The formation of this carbon deposit in the 
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oil was probably due to the increase of temperature to which the oil had been sub- 
jected in the service tank and the heater/* 

As the entire oil-fuel installation had been favorably passed upon by a Govern- 
ment board of experts, the steamer was enabled to start on December 27, 1903, to 
Alexandria. 

During the first period of the voyage — from Genoa to Leghorn — the objectionable 
feature of obstructions fonning on the nets of the filters having again appeared, all 
the netM were taken off, with the exception of that of the filter on the suction pipe. 
In this manner the deposits, which were nothing other than combustible matter, 
were thrown into the furnace. The work then became regular, and the voyage to 
Alexandria was ct)mpleted without further inconvenient^. 

During the various runs several experiments were made with fortred draft and fuel 
consumption noted, which are summed up in the following table: 



I 



Route. 



Duration 
of obser- 
vation. I 



h. m. 



Oil con- 
sumed. 



Consump- 
tion per 
hour. 



'^v°' I men tin 

I *T„ i honfie- 
^l^; power. 



Pounds. I J'ounds. 



Genoa to Leghorn i 2 44 5,692.5 

Leghorn to Naples ....117 40 36,230 

Naples to Messina ,11 21 23,225 

Messina to Alexandria, Egypt... 44 50 88,919 



2,016.8 I 84.9 1,923 
2,a50.5 85.2 I 2,012 
2,046.2 I 83.4 | 1,854 
1,983 I 84.2 1,903 



Con- 
Hump- 
tion 
per Indi- 
cated 
horse- 
power 
per hour. 



Pminda. 
1.067 
1.005 
1.087 
1.027 



The operation of these mechanical burners was not accompanied by any noise. 
Not only did the steam pressure remain constant, but the level of the water in the 
boilers was always maintained. The labor and care of operating the installation 
was therefore reduced to a minimum. It was also observable that there was a slight 
variation of temperatures in the fireroom-. 

In this first voyage there was quite a loss of fuel, due to the fact that the filters^ 
and the burners had to be repeatedly dismantled in order to examine and clean 
them. There was also resulting loss of oil from the attendant dripping which fol- 
lowed the examination and dismantling of burners and filters. 

Eliminating unusual losses of oil, it may be assumed that the Texas petroleum as 
secured from the oil depot at Alexandria and burned with a Korting apparatus * in 
an ordinary Scotch boiler fitted with the Howden draft system will result in a con- 
sumption of alK)ut 1 pound of fuel per horsepower for marine purposes where there 
is an ordinary triple-expansion engine. The consumption of Cardiff coal under like 
conditions may be assumed to be never less than 1.50 pounds of fuel per indicated 
horsepower. 



« As noted elsewhere in this U. S. Naval Fuel Oil report, It has been observed that the prevention 
of deposits of hydrocarbon can only be provided against by not heating the oil to a temperature 
exceeding the critical point at which such hydrocarbons are deposited. The chemical analyses of 
various oils shows the point at which such deposiits commence to form. 

ft Special attention is called to the fact that these results secured with the Korting mechanical 
burner agree very cJosely with the data secured from oil-fuel installations where the fuel is atomized 
by either steam or air. 
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RESULTS OP TRIAUi WITH KORTING BURNER8 WITH INDUCED DRAFT 

ON MARINE BOILERS. 

The following results of tests made with the Korting Imrner, using 
the oil fuel sprayed by a mechanical means, appear to have been con- 
ducted with great accuracy, and the results are such as to be worthy 
of careful analysis. 

The Wallsend Slipway and Engineering Company (Limited) have 
been most successful in the application of liquid fuel as a means of 
generating steam in marine boilers. The method of burning liquid 
fuel adopte<l by them is the Korting system. 

The boiler on which the system was shown at work is of the ordi- 
nary marine type designed for forced draft. It is 12 feet 6 inches 
in diameter by 11 feet i inch long, with two large furnaces 8 feet 7 
inches in diameter. The tubes*are 2^ inches in diameter and fitted with 
retarders. The boiler was completely inclosed with an air-tight 
house, so as to show the system working under both natui*al and 
forced-draft conditions. By leaving the doors open the burnei-s were 
first worked under natural draft. The stokehold was then closed and 
the fan started, when it was shown that the system can be worked 
with almost any degree of air pressure. Starting with a very low 
pressure, it was increased until 4i inches was recorded on the 
gauge. On a previous trial it was found that with the boiler as 
designed it was not desirable to go to a higher jiressure of air, as 
the heating surface was not sufficient to absorb th(» heat generated. 

With greater pressure and larger tubes, however, a nuich higher 
rate of combustion could be obtained. Throughout the trial no smoke 
was visible at the chimney, showing that combustion was perfect. 

OOMPABMON OP OIL-BURNINO THIAL8 WITH THE KORTING PATENT BURNER AND n>AL- 
BURNING TRIAL ON MARINE-TYPE BOILER. 

Particulars of boiler with which trials were carried out: Mean diam- 
eter, 12 feet 6 inches; mean length, 11 feet; number of furnaces, 2; 
inside diameter of furnaces, 3 feet 7 inches; number of tubes, 262; exter- 
nal diameter of tubes, 2i inches; total heating surface, IjVXy square feet; 
grate area under coal, 40 square feet; working pressure, 120 pounds 
per square inch; all tubes fitted with retarders. 
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835 



Coal trial. 



7,558 



Duration of trial hours.- 6 

Average steam pressure .pounds. .! 113 

Average temperature of feed water ° F. .1 55 

Pressure of oil at burners pounds. . 

Temperature of oil at burners ° F. . 

Quantity of water evaporated per hour pounds. . 

Quantity oil burned per hour do 

Quantity coal burned per hour do 

Water evaporated per pound of oil (actual) do 

Water evaporated per ixjund coal do , 7. 76 

Water evaporated per pound oil from and at 212° F .do 

Water evaporated per pound coal from and at 212° F . do ] 9. 31 

Quantity of water evaporated per hour from and at I 

212° F pounds.. 9,060 

Total quantity ash do 283 



974.3 



Natural 
draft (oil 
fuel) trial. 



5 

115 

80 

75 

240 

7,756 

633.4 



12.24 



14.45 



Oil fuel 
(stoke- 
hold air 



li inches). 



4 
105 
107 
140 
110 
14,951 
1,222 



12.23 



14.06 



9,152 



17,193 



Note.— Class of fuel, coal trial, best Mickley picked; natural draft (oil fuel), Texas oil; oU fuel 
(stokehold air pressure, U inches). Texas oil. 

To show the excellent results which have been obtained with the 
Korting burner, we may add that an evaporative test has been carried 
out, when an evaporation of over 16 pounds of water from and at 212^ 
F. was obtained per pound of oil fuel consumed. 

The following results are obtained by the Korting burner in con- 
junction with induced draft: 

Particulars of boiler with which trials were carried out: Mean diam- 
eter, 12 feet; mean length, 11 feet; number of furnaces, 2; inside 
diameter, 3 feet 9 inches; total heating surface, 1,200 square feet; 
external diameter of tubes, 3i inches. All the tubes, except the two 
bottom rows, were fitted with retarders. 

Duration of trial 6 hoars. 

Class of fuel Texas oil. 

Average steam pressure (gauge) 140 pounds. 

Average temperature feed water 53** F. 

Vacuum at fan If inches. 

Vacuum at furnace door f inch. 

Vacuum at ashpit door J inch. 

Temperature of air entering furnace (left) 250** F. 

Temperature of air entering furnace (right) 290** F. 

Temperature of gases at fan suction 465° F. 

Pressure of oil at burners 105 pounds. 

Temperature of oil at burners 162° F. 

Total quantity of water evaporated 65,500 pounds. 

Water evaporated per hour 10,917 pounds. 

Total quantity of oil consumed 4,920 pounds. 

Oil consumed per hour 820 pounds. 

Water evaporated per pound of oil (actual) 13.31 pounds. 

Water evaporated |>er pound of oil ( from and at 212° F. ) 16. 13 pounds. 

Water evaporated per hour (from and at 212° F. ) . .13,231 pounds. 

Revolutions of fan per mintite 260. 



THE OIIi-FUEIi INSTAIiliATION OF TIFE STEAMSHIP CITY 

OF e^t:rett. 

The board not only made a very careful and complete inspection of 
the oil-fuel installation of this vessel, but through the courtesy of the 
fuel-oil department of the Standard Oil Company the opportunity 
was presented to go down the Delaware River for a considerable dis- 
tance on the boat. The method of operating the plant both for 
auxiliary and for general steaming purposes was therefore observed. 
The details of the general arrangement of this oil-burning plant and 
its requisite auxiliaries are shown in fig. 54. 

The burner used was one designed by the officials of that company 
(fig. 56). The distinguishing feature of this appliance is the fitting of 
a plug at the end of the burner and the drilling of a series of radial 
holes in the plug whereby a short and uniform flame was secured. 

The burners are arranged in detail as shown on fig. 55, and the fur- 
nace itself is lined with a fire-brick ring for a distance of 3 or 4 feet 
from the front end. 

By reason of the design of the burner no baffle or spatter wall had 
been installed. As shown in sketch, an extension had been made to 
the front of the furnace, and there is no doubt that such extension 
caused complete combustion to be eflFected before the gases reached 
the tubes. 

With the air taken in at the bottom of the furnace extension there 
is an opportunity given for the gases requisite for combustion to com- 
bine with the atomized oil in the front portion of the furnace. 

There are two positive blowers driven by independent vertical 
engines. Only one blower is used, the other l>eing held in reserve. 
The oil pumps are also in duplicate. There is a small auxiliary 
blower driven by a gasoline engine. This blower furnishes air for one 
burner in each furnace, and runs under a higher pressure than the 
large main burners. These small burners are also connected so as to 
use steam as an atomizing agent in case of necessity. When starting 
fires the gasoline engine is run until steam is raised on one boiler and 
the main air plant started. When lying at anchor the main blower 
is stopped and steam is held by the auxiliary plant, and should it be 
necessary to stop this before starting the main blower the auxiliary 
burners can be operated with steam. The furnaces are lined 2 feet 8 
inches from fire door with fire brick, and have 28 inches extension to 
fronts. The burners fire directly into the extensions with no baffles, 
there being two main burners to ea<jh furnace. The air for com- 
bustion is taken in through bottom of extension. 

The general arrangement of fuel oil tanks and cargo oil tanks of 
this whaleback steamer are as indicated in the inboard profile shown 
in fig. 57. 
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CIiASSIFICATIOX OF Oil. BURXICRS. 

There are on tile in the United States, British, and Continental 
patent offices several thousand designs of oil-fuel burners. These 
records show that men of almost every vocation and profession con- 
sider themselves competent to design such oil-fuel appliances. The 
condition of affairs in this respect has been expressed by one writer 
as follows: 

The oil-fuel burner has furnished almost as much work for the Patent Office as the 
car coupler, and at the present time very few, if any, of these patents are designed 
in accordance with the fundamental principles that should govern the construction 
of such devices. 

While the belief is general that these various patents differ in prin- 
ciple, an investigation of their design and construction shows that all 
can be grouped into a few primar}' classes. By combining features of 
each of the groups and by effecting simple changes in details of special 
types it has been made possible to patent thousands of designs. It 
was only because the price of oil had increased on the Atlantic coast 
to almost a prohibitive price for its commercial and maritime use as a 
fuel during the past few years that hundreds of additional patents 
were not taken out. 

It was but a few weeks after the oil tests began before the Bureau 
of Steam Engineering was requested by many inventors to test their 
special appliances. The attention of individual members of the board 
was also called to the merits of numerous designs of burners. It then 
became evident that unless it were possible to classify the burners 
and test only representative types of each group the experiments 
would extend for an indefinite period. A general examination of the 
patents taken out clearly showed that the important elementary prin- 
ciples governing the designs of every satisfactor}'^ oil burner are com- 
paratively simple and few, and that the most efficient burner for any 
purpose is, in general, the simplest piece of mechanism, using the 
least amount of steam or air for atomizing purposes. 

The various schemes for superheating the atomizing agent or for 
converting the oil into a gas before leaving the burner are of doubt- 
ful value. One has onl}' to consider the amount of air requisite to 
secure complete combustion to realize the improbability of accom- 
plishing this purpose within the burner itself. The development of 
the successful oil burner has thus been in the direction of cheapness 
and simplicity. Extended experiments, as well as careful research 
and calculation, have shown the imperative necessity of providing for 
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proper sizes of orifices, and thus, simple as the oil burners may appear 
to be, the best of them represent in their development yeai-s of 
extended study, investigation, and practical experience. 

The ordinary user of liquid fuel should avoid the purchase and 
installation of an}^ type of burner whose capabilities are advertised as 
extending beyond atomizing and suppl3'ing the oil uniformly and con- 
tinuously. No burner should be used which has not been designed 
and manufactured by firms who have had experience in the work. 
The experienced and successful manufacturers of oil-fuel appliances 
make but few claims for their special burners. These expei-ts recog- 
nize the fact that it is good workmanship, high quality of material, 
and extended experience in the general installation of oil-fuel appli- 
ances that are the determining factors in its successful use. 

The actual form of the burner, independent of the general installa- 
tion, will have but little influence in determining either the economical 
eflSciency, the evaporative capacity, or the uniform burning of liquid 
fuel. For some purposes the single form of *' Y" burner, where the 
fuel enters through one branch and the spraying or atomizing medium 
enters through the other branch of the angle, might be found answer- 
able. In every form of efiScient burner, however, it is imperative 
that there be fitted valves of such design that a uniform and small 
supply of oil be admitted and that the pressure of the spraying 
medium be absolutely under control. 

In selecting the desirable form of burner for practically any pur- 
pose the essentials demanded are: A design capable of easy installa- 
tion and operation, and a form of construction that will permit the 
rapid examination and quick renewal of parts. From various causes 
it will be found practicallj'^ impossible to prevent foreign substances 
occasionally choking the burners, even though the liquid fuel before 
reaching the burners is heated and made to pass through a series of 
strainers. An}" form of burner which does not permit rapid examina- 
tion and clearing out of all foreign substances is unfitted for marine use. 

The board found that there existed upon the part of ever}'^ expert a 
tendency to install too few burners. As the clogging of these burners 
will occasionally occur, the onl}' means of subjecting the boilers to 
uniform conditions is to have an installation of reserve burners, so that 
the extra ones could be quickly thrown into use. When it is consid- 
ered that the cost of installing a few extra burners is trifling as com- 
pared with the total cost of an oil-fuel installation, there should be no 
hesitancy in providing a sufficient number of burners, for a reserve 
appliance may secure a more uniform evaporative efficiency, as well 
as a greater output, and will help overcome some of the serious objec- 
tions that have been experienced in the use of liquid fuel. 

One of the special advantages claimed for the use of liquid fuel, 
that the work of the fireroom force is not onlv lessened but made less 
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onerous, will only be realized by an installation wherein there is a 
reserve of burners. All the burners should be so installed that their 
flame should point somewhere near the center of the furnace, and 
special care should be taken that the oil product is not injected directly 
upon a heating surface. 

The following grouping or classification of burners shows how simple 
are the guiding principles of construction of the thousands of forms 
that have been patented. The sketches show the salient diflFerences of 
design, and should require but little explanatory text. 

Bumern, — There are two methods of burning oil which are men- 
tioned in this report, and which the l>oard considered it not advisable 
to investigate, for the reason that either of the methods required use 
of purified oil rather than crude oil or petroleum. One of these is 
the method of open pans, hearths, drips, cups, etc., while the other is 
a gas furnace in which oil is first reduced to gas and then burned. 

The use of crude oil or petroleum in either of these arrangements 
of apparatus, while possible for a short length of time, is not satisfac- 
tory as a continuous working method of forming combustion, and 
therefore can not be regarded as eflScient or piuctical. The reason 
for this ineffectiveness is due to the fact that all crude oil contains a 
heav}', solid base, or hydrocarbon residuum. In the case of the Penn- 
sylvania oils a heavy paraffin constitutes the base, while in the Cali- 
fornia oils the base consists of heavy asphalt. Oils of other locali- 
ties have varying quantities of either or both bases. Any burner or 
method which deposits these heavy bases is sure to become clogged 
and choked. As the separation of the hydrocarbons from the bases 
often takes place at temperatures sometimes as low as 130°, it is 
readily seen that anj^ heating of oil in pipes, pans, retorts, etc., by the 
action of the flame, or by indirect radiation whereby this temperature 
is exceeded, is sure to produce a choking or clogging of the apparatus. 

Although these heavy hydrocarbons are of themselves good combus- 
tibles, \^et if not supplied with a sharp air current while in combustion 
full burning can not be effected, and a remaining hard, clinker-like 
coke is left behind, a substance difficult to remove except by outside 
mechanical interference. Any boilers or furnaces equipped with 
apparatus of this kind, the board readily foresaw, would lead to diffi- 
culties and needless experimentation. 

To classify properly the remaining types of burners into distinct 
groups it was deemed desirable that the multitudinous numbers and 
varieties of design should be arranged, either in accordance with some 
ruling form of construction or by reason of requirements of operation. 
After a careful analysis of various types, it was observed that five 
general classes would cover practically all of the main features of con- 
struction, and from these five classes various modifications could be 
made. 
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Fig. 58.— Oil burner claasification. 
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These five classes of oil burners may be thus grouped: 

I. Drooling burner. 

II. Atomizer burner. 

III. Chamber burner. 

IV. Injector burner. 

V. Projector burner. 

These five classes are shown by. diagram, fig. 58, in which each 
burner is pared down to its very simplest elements of construction, 
leaving out all unnecessary features of manufacture or detail which 
might be regarded as merely accessory. 







T Drooling burner. 



Fk;. 59. 



I. Drooling hunwr. — The name selected for this burner, while per- 
haps unusual, best expresses its function as seen from the diagram; 
the oil simph' oozes out, or properly '' drools" out, at the orifice over 
and on to the steam jet. In this case the drooling oil is simply carried 
awa}' on a jet of flaring steam. The action is supposed to be as fol- 
lows: As the steam issues forth it expands within the layer or film of 
oil which is being carried into the air of the fire box. It ma\" be 
thought that this rather rough method of effecting vaporization would 
hardly be possible or satisfactory; 3"et as large numl)ers of these 
burners have been and are in actual use, they can not be regarded as 
crude or unsatisfactory. 




FlQ. 60. 




TT Atomizer burner. 



II. The Atomizer hurn<fr, — In this burner the oil is brought through 
an orifice from which it is swept off by a brush of steam or air. It is, 
in short, a principle made use of in an ordinary cologne spra^'er. 
This forai of spraying or atomizing is a ver}^ old invention, and its 
capabilities for spraying into a fine mist have long been appreciated. 




Chamber 
burner. 



Fig. 61. 



III*. Cluimher hirner, — In this burner the oil and steam are more or 
less mingled within the body of the burner and pass out from the tip 
or nozzle as a mixture, and then, owing to the expansion of the steam, 
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the oil is rapidly broken into minute particles. Burners of this type 
are simple in construction and have been carried through a large range 
of design. 

IV. Injector hinier. — Burners of this tj'pe are analogous to the 
injector often used for boiler feeding and similar pui-poses. Here the 
steam and oil rising, each through its own passage, mingle within 
cone-shaped passages, and as a mixture passes through a contracted 
nozzle, and then outward through a reversed flaring cone. Burners 
designed on these lines have the principle common to injectors in 
general, that they can draw or suck the oil to them and force the mix- 



injector 

burner. 



Fig. 62. 

ture of steam and oil outward at considerable velocity. Burners of 
this type have been in use for forty years or more on the railroads of 
Russia and have become with that nation w^hat might l)e regarded as a 
standard t^pe. 

V. Pvijjector hinurM. — In burners of this type the oil is pumped to 
the oil orifice and from there is caught by a passing gust of steam and 
blown off. This might be regarded as a sulx'lassitication of Xo. II, 
the atomizer burner, except for the fact that the brush of steam is 





y Projector burner. 



Fig. 63. 



located some distance from the oil orilice, and this sweeping brush of 
steam, as usually constructed, is arranged to entrain a certain amount 
of air further to aid in spraying and in combustion. 



STRUCTURAL FORMS OF THE DROOLING BURNER. 

The tips of each of these burners in each class can be specially modi- 
fied, and will be later on treated under the subject of the forms of 
orificial spraying. 

These five basic classes of burners will develop mechanically into 
certain structural forms, which structural or mechanical forms can 
likewise be arranged in four or five consecutive and related groups. 
The methods by which the various constructions have been developed 
from each class can be shown in the following diagrams: These forms, 
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Basic section of drooling burner. 




A Straight shot bumera. 
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Fig. 64.— Possible modifications of the dnxjling burner. 
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in turn, may be subdivided into groups, due to changes in details or 
to further refinements. By changing the pressure of the atomizing 
medium or by some slight variation of construction a long or short 
flame may be produced, and such character of the flame may be of 
special advantage for particular purposes. For certain manufacturing 
purposes or for the melting of refractory metals the flame required 
may be quite different from that requisite for purposes of combustion, 
and therefore simple modifications in the form of the burner may be 
productive of far-reaching results. 

As a possible study of the modifications of the drooling burner, 
reference is made to fig. 04. The first sketch shows the basic form of 
the drooling burner. This subdivides into four special classes desig- 
nated as A, B, C, and D. 



Basic section of the drooling 
burner. 




A Straight shot burners. 



Fig. 66. 



In form A is shown the drooling burner made in its simplest possi- 
ble form, the upper view showing simply two drilled holes, the larger 
for oil and the smaller for steam, while the lower view shows two 
pipes in a double T elbow, the larger pipe being for oil and the smaller 




Long slot burner. 



Fig. (56. 



for steam. Burners have often been made in this exceedingly ele- 
mentary form, and will give results without any further recourse to 
mechanism. For convenience we will term this subdivision A, as 
" straight shot burners," due to the fact that the flame formed will 
have considerable length. 

In form B the basic section of the drooling burner is developed into 
a class which gives two long slots. In this form a large number of 
burners have been constructed, and in another part of this report 
results of tests are given on the Santa Fe burner, which has been 
largely used on a i-ailroad of that name. In this simple form of a 
box-shaped casting these burners have gained a wide use, especially 
for railroad work. The construction is of course crude, but the results 
32196—04 23 
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from a practical standpoint have been quite satisfactory, due to the fact 
that there are no complicated parts, and it is almost impossible to choke 
up any of the openings even with quite a dirty oil. Where burners 
are required to use a very heavy oil or residuum, or even a tar, these 
burners will always operate. This form B, which, for convenience, 
has been termed the long-slot burner, can be developed into the addi- 
tional form C, or a fan-tailed burner. 

In form C there are two burners which can be devised. The first 
form, in which the fan-tailed effect spreads through but a small arc of 









Q Fan-tailed buraera. 



Fig. 67. 



a circle, and the second form, in which the fan- tailed effect is extended 
so as to cover the arc of the entire circle. The first form will cover 
a large amount of surface in a wide or square fire box, while with the 
second form the burner can be placed in the center of a grate and the 
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Fig. 68. 

flame will extend outward in the form of a continuous sheet and cover 
the entire fire box or grate area, such uses being desirable, for exam- 
ple, in the fire box of vertical boilers, such as fire engines, etc. 

The last form or modification, or form D, can be developed from the 
basic section of this drooling burner by conceiving that the section is 
revolved around an axis parallel with the burner axis. By revolving 
the section around an axis on the steam side there will be derived a 
burner of the style shown in the upper part of the pair of form D, or 
by revolving the basic section around an axis near the oil side we get 
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Base form of the atomizer burner^ 



A Straight shot bumerK. 




Cj Fan-tailed burners. 



Tj Rose burners^ 



Fig. 69.— Possible modifications of the atomizer burner. 
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a form of burner shown an the lower one. Either of these two burners, 
while apparently very different in form from the basic section, yet are 
nothing more or less than a development of the original type. Burners 
of this style should probably only be used where very heavy consump- 
tion of oil is required. In heavy metallurgical operations, brick kilns, 
and where a large volume of flame is desired such burners have a 
wide field of usefulness. 

POSSIBLE MODinCATIONS OF CLASS II, ATOMIZER BURNEBS. 

These forms are as shown in fig. 09. At the top is shown the basic 
form of the atomizer burner. Then under form A, ''straight-shot 
burners,'- are shown two modifications, one formed by round openings 
in a small cylindrical casting, while the other is formed of a double 




A straight shot burnen. 



Fig. 70. 

T elbow containing two pieces of pipe, one for oil and one for steam, 
the end of the oil pipe being hooked over, as shown. The latter con- 
struction will be at once recognized as the very earliest form of atom- 
izer. Its simplicity and effectiveness as a spraying agent can hardh'^ 
be questioned. A position of tips can also be arranged so that a cer- 
tain amount of siphonage can be secured in the oil pipe, although this 
is a function not to be at all relied upon. 



^g^j|gg^^^g,/j B U.„.,>otbun.er. 



Fig. 71. 



Form B shows the same basic section of atomizer expanded sideways 
to form the 'Mong-slot burner." This style of burner is also made 
use of very largelj^ in locomotive work on account of its great advan- 
tages of wide and open passages which do not readily clog up, and 
consequently need but little attention. 
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Form C shows two designs, also derivable from the previous form 
and the basic section, the upper of the two showing a fan-tailed effect 
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^ (j Fan-tailed burners. 



Fig. 72. 



through a portion of an aro of flame and the other a flame distributed 
around the whole circle — the latter style of probable service when 
placed in the center of gmtes of vertical ])oilers. 










Tj Roue burners. 



Flo. 73. 



Form D, rose burners, shows the basic section revolved alK)ut an 
axis either on the oil side or the steam side. In the first case, while 
securing a satisfactory^ atomization of oil, there would be obtained 
the effect of more or less of a straight-shot burner, while the latter 
form of rose burner would afford more of a flaring effect. 
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Basic section of the 
chamber burner. 




^ Stiaigh t shot burner. 



^ Long slot burner. 



\\j Fan-tailed burners. 














\\ Rose 



burners. 



Fig. 74.— Possible modificutlons of the chamber burner. 
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POSSIBLE MODIFICATIONS OF CLASS III, CHAMBER BURNERS. 

These forms are shown in fig. 74. At the top is represented the 
basic form of the chamber burner. Then under form A is shown the 
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Basic section of the chamber 
burner. 




A Straight shot burner. 



Fio. 7ft. 



simplest modifications formed by round openings in a small cylindrical 
casting. Here the oil and steam, each coming from their proper side 
of the burner, mingle in the end chamber of the burner and are ejected 
outward from the round orifice. It will also be observed that with 
this form of burner no siphonage is possible, and, in fact, if the 
orifices are not properly proportioned the pressure of steam may drive 
the oil backward to the pump. 




Long Blot burner. 



Fig. 76. 



Form B shows the same basic section of the chamber burner 
expanded sideways to form the long slot burner. As thus constructed, 
this style of burner is made use of very largely in locomotive work, 
on account of the advantages of large passages, which do not readily 
clog up, and consequently the attention demanded by the locomotive 
fireman is a minimum. 

Form C shows two designs also derivable from the previous one 
and from the basic section. The upper burner of the two indicates a 
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fan-tailed burner forming a spread of flame through a portion of an 
arc of a circle, and the other burner produces a flame distributed in 




rj Fan-tailed bumerF. 



a fan or rose shape around the whole circle. The latter style would 
be of service when placed in the center of gmtes of vertical lx>ilers. 

Form D, rose burners, shows the basic section revolved about an 
axis, thus forming a ])urner possessing an annular orifice affording a 




T\ Rose burners. 



Fig. 78. 



burner of very large spraying capacity, which, as with other types of 
burners of this rose form, are specially suitable for furnaces of large 
capacity or useful in smelting operations. 
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burner. 
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FiQ. 79.— PoflBible modifications of the injector burner. 



354 



NAVAL "LIQUID FUEL" BEPOBT. 



POSSIBLE MODIFICATIONS OF CLASS IV, INJECTOR BURNERS. 

These forms are as shown in fig. 79. At the top is represented the 
basic form of the injector burner. Then under form A is shown the 
simplest structural arrangement which can be devised, which consists, 
essentially, of a nozzle placed behind another tapering nozzle or 



Basic Heotion of the injector burner. 





A Straight shot burner. 



Fk;. ho. 



throated opening. This is essentially a crude design of any steam 
injector, and, like all injectors, has the property of sucking a fluid to 
it under the operation of the rapidly passing steam or gas through 
either of the nozzles. In form A, as shown, the openings are, as 
usuall}" made, of a circular cross section. 



e 




J^ Long 



slot burner. 



Fig. 81. 



Form B represents again the same basic section of the injector, but 
the orifices are extended sideways to form a slot-shaped opening. By 
this means its capacity as a burner or injector is greatly enhanced. 
Where it is desirable to use one large burner instead of the number 
of small ones, this form of slotted injector will give the required 
capacity. 




^ p Fan- tailed 
^ burner. 



Fig. 82. 



In form C is shown again the injector burner designed with its 
mouth or slotted opening in a flaring shape, thus greatly increasing 
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the horizontal distribution of the resulting jet of spray. By this 
means is thus secured a fan-shaped flame. This fan-tailed effect can 
be increased so as to extend through a complete circle, and this will 
result from the burner being conceived to be revolved about a vertical 
axis, as shown in the lower portion of the figures of form C. This 
mushroom-shaped burner would probabl}^ prove available for installa- 
tion in the center of large square or round fire boxes of vertical boilers. 




Rose burners. 



Fio. 83. 



Form D represents again the injector burner, but the basic form is 
this time conceived to be revolved about an axis parallel with its center 
line. The resulting design will afford a burner of very large capacity, 
suited only for heavy smelting operations. 

Types of injector burner of various styles came into very early use 
in the art of oil burning and still remain a standaixl device in many 
large installations. Many of these have been in use for thirty or 
forty years alone in the regions of the Russian oil fields, and are still 
mainly employed on the oil-burning railroads of southern Russia and 
the Caspian region. The type of injector burner is often called the 
Urquhart burner, as Mr. Urquhart, now superintendent of motive 
power of the Trans-Siberian Railway, was the first to make its design 
successful and to keep it constantly in use as a successful locomotive 
appliance. 

In fig. 84 is shown a form of Urquhart injector burner designed by 
Dr. C. B. Dudley, superintendent of tests of the Pennsylvania Rail- 
way, on his return from Europe, where he had been sent hy his rail- 
road to investigate the use of oil on Russian locomotives. The design 
as shown in the figure represents essentially the full Urquhart details, 
except that certain facilities in the way of gearing were added to give 
a delicate adjustment to the position of the coned nozzles. It was 
understood that these burners were successful on the Pennsylvania 
Railway, but the price of oil being so great in comparison with coal, 
the emplo3'ment of oil as a locomotive fuel became prohibitive from 
financial reasons alone. 

In fig. 85 is shown another and simpler form of injector burner 
which was designed by the Herreshoff Manufacturing Company, of 
Providence, R. I., for use under the boilers of the U. S. torpedo boats 
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Talbot and Gwin. in experimental work these burners gave consid- 
erable satisfaction. 

In fig. 86 is shown a Russian locomotive burner (Ourgard) which 
is at present largely used for the service of locomotives in that country. 
Its refinement over "previous burners is simply due to the fact that 
there is a little more quickness of action in closing or opening the oil 
supply by movements of the inner nozzle. 

Before dismissing the subject of injector burners it should be said 
that although they have the great advantage of supplying a suction 
power, both for drawing in their oil or to draw in an air blast, which 
tends to increase their efficiency, yet it must be said that, in addition, 
they have the one great serious fault that they are the most noisy 
burnei*s made. To install them in stationary plants or in enclosed 
firerooms is almost out of the question, as the noise and roar which 
they create is continuous, deafening, and distressing, and few firemen 
can be found who are willing to stand regular watch in such continued 
racket. In locomotive work, as the burners are located, usually, out- 
side of the cab, and as the locomotive makes a thousand other noises in 
addition to the burners, a little supplementary noise is apparently 
absorbed in the general clatter. 

Again, most of these burners being designed on the lines of the 
expanding nozzle, cause, in themselves, a great increase in velocity of 
the outgoing jet, with the result that the flame is usually one of great 
force and very long in extent, in proportion to the burner. The long 
flames might be desirable in the long furnaces of certain land boilers, 
but where used in the contracted fire boxes of marine and locomotive 
boilers the furnace design requires very serious attention, to permit of 
the proper upkeep of the brickwork, arches, and baffling. 

ORIFICIAL SPRAYING. 

The classes of burners previously shown were the fundamental 
skeletons on which actual burners are constructed. Most of these 
burners can be further modified by special design of their tips or 
orifices, thus leading to still greater variety and often to greater 
improvement in their spraying qualities. These modifications of tips 
have been reduced to a series of classes which should be independent, 
as near as may be, of the other possible mechanical arrangements of 
the burners. As a study for the various methods of orificial spraying, 
the following styles of tips were considered, as shown in fig. 87, and 
under any form of these tips it is found that any type of oil burner 
could be classed. 

Form I: The design of the tip is in itself a matter of much moment, 
as the configuration of the tip edges has a very important physical 
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Fig. 87.— Oriflclal spraying. Forms of tips by meaus of which spraying may be effected. 
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effect on the formation of the spray, and whether the material which 
it is intended to spray is forced through by steam, compressed air, or 
even by the effect of its own pressure supplied by a pump, the edge 
over which the spray last passes has a determining effect on the state 
of subdivision of the spray. In form I is represented an ordinary 



T Sprayinff from a sharp edge. 



Fig. 88. 

nozzle with a sharpened edge at the point of exit. If a proper angle 
is selected for this edge, and the edge itself is well sharpened, the out- 
going stream instead of passing out in a straight line, as from a hose 
nozzle, is caused to diverge, and if divergence ensues, of course there 
follows an expansion in the volume of the outgoing liquid which 
causes a condition of more or less subdivision of the particles of the 
fluid. 



Spraying from a sharp edge assisted by a 
cone. 



Fig. 89. 

In form II is shown a design of orifice in which this effect is height- 
ened by introducing a cone in the center of the conical orifice. The 
physical reason why this increased divergence is secured is due to the 
fact that the cone takes the place of any streams of oil which in the 
first case had the tendency to travel in the straight lines of the solid 
core of fluid. All the lines of fluid traveling down the cone surface 
meet in collision at the edge and tip of the cone and rapidly expand 
owing to the pressure which was behind them. 





Fig. 90. 



Ill 



Spraying 
from a sharp 
edge aided by 
an umbrella 



In form III there is again indicated the same type of sharpened 
cone-shaped orifice, but outside of this is placed a diverging cone 
32196—04 24 
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upon which the outgoing spray strikes and receives a greater amount 
of divergence than the orifice edges would alone have produced. 
This diverging cone is usually placed with its stem extending within 
the orifice, although at the right of the diagram is shown a case where 
the diverging cone is supported from the outside. The amount of 
divergence effected by this cone can be controlled to any extent by 
the position or shape of the diverging surface of the cone. 






IV 



Spraying aided by centrifugal action from inter- 
nal screw. 



'^^^^//'y//^/^yyyyy^^^^^ 



/ 



Fig. 91. 



In form IV there is shown an orifice similar to form I, but increased 
divergence of the cone of spray is obtained by circulating the fluid in 
a rotary manner before issuing from the sharpened orifice, the phys- 
ical result of which is that as soon as the fluid leaves the orifice the 
effect of centrifugal action is manifested to fling the oil tangentially 
outwaixl to some distance. In the diagram, as shown, this centrifugal 
effect is obtained by passing the fluid through spiral passages. 

Section through x y. 



V Spraying by cen- 
trifugal actoin by 
tangential inward de. 
livery. 




Fig. 92. 



Form V represents the original style of orifice, but the casing is so 
shaped as to obtain the rotational effect of the previous tip by admit- 
ting the fluid tangential 1}'^ to the interior of the chamber. The effect 
on the resulting cone or spray is the same as in the previous example. 




^^^^^^M2^ 



W//////////////M^^ 



VT Spraying by ball nozzle. 



Fig. 93. 



Form VI: The tj-pe of nozzle is changed by inserting a ball in the 
outgoing current of spray, thus mechanically breaking up the action 
by requiring the spray to strike the ball, this being nothing more or 
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less than the old familiar type of the dancing ball, long made familiar 
in water nozzles and pneumatic nozzles as a curiosity. Its effective- 
ness as a spraying agent is probably no greater or as great as a well- 
designed and proportioned orifice of form III. 



VTT Spraying by peppeivbox Dozzle. 



Fig. M. 

Form VII represents a class widely different from any of the pre- 
ceding, which for lack of any other properly designative term might 
be called the '^ pepper-box nozzle." Its effectiveness for a certain 
class of burners may be made very great, but it always suffers under 
the great disadvantage of a multitude of small holes, which are exceed- 
ingly liable to become choked up by foreign matter or by the hydro- 
carbons formed at the tip of a burner while in action. 




NON8ITCCE8S OF APPARATUS DEPENDING ON GASIFICA- 
TION OF Olli. 

The impossibility' of successfully operating burners designed on the 
principle of superheating the oil to a point lx)rdering on gasification 
has been both theoretically and practically demonstrated. The con- 
clusions as expressed b}' Engineer in Chief Isherwood in regard to 
the liquid-fuel experiments conducted over thirtj'^ years ago by a 
board of naval engineers as to the impossibility of converting liquid 
fuel into a gas within the burner itself hold as true now, in the light 
of later experiment and practice, as they were then. In regard to such 
burners Commodore Isherwood thus reported: 

The experiments in question embrace those made with CJolonel Foote's apparatus 
at the Charlestown Navy-Yard, and those made with other apparatus on different 
boilers in the New York Navy- Yard, all of them, I ])elieve, of considerable value, 
but never reported in full, with the exception of one made about ten years ago and 
which is now on the files of the Bureau of Steam Engineering. In every case the 
patentees abandoned the trials before they were completed, owing to the failure of 
their apparatus. 

The liquid oil has, in all cases, to be transformed into oil gas before it can be 
burned. This transformation can be made by the direct application externally of 
heat to the liquid, but the temperature of the oil on the vaporizing surface is higher 
than the temperature required to decompose it, the result being deposition of solid 
carbon in the form of coke, which soon fills the vaporizing vessels and renders them 
useless. This coke is frequently so hard that cold chisels can scarcely detach it, and 
if thrown into a fire even in small fragments it bums with excessive slowness, like 
graphite. Whenever the vaporizing vessel is subjected to a high temperature, like 
that of a boiler furnace, the decomposition of the oil and decomposition of coke go 
rapidly on, so that in the course of a few hours any vessel of practicable size is filled 
by it. All apparatus exposed to anything like furnace or fiame temperature will 
inevitably fail from these causes in the future, as they have in the past. To make 
trials with such devices will merely serve to confirm this fact. The smaller the 
vaporization vessel and the higher the temperature to which it is exposed the more 
quickly will it fail. 

A very large variety of api>aratus has been invented, embodying substantially this 
principle or mode of direct vaporization of the oil, the only difference being unimpor- 
tant variations of detail to render the inventions patentable, and in all cases the 
vaporizing vessel has been necessarily small in order that the pressure heat could 
be employed in the oil vaporization, and the highest possible temperature was used 
in order that a suflicient quantity of the oil might he valorized in a given time. 
None of the apparatus when pushed to the maximum will last more than half a 
dozen hours. 

It is quite possible, however, to vaporize the oil by the indirect application of heat 
by means of steam or water intervention, so that the temperature of the vaporizing 
surfaces will be below the temperature of decomposition of the oil. This would be 
manufacturing oil gas in a costly maimer, and the gas could afterwards be burned in 
jets in a furnace like illuminating gas, but it would not be "burning petroleum,** or 
any oil, in the proi)er sense. The vaporizing apparatus to produce the requisite 
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quantity of gas per hoar for any considerable power would have to be enormtously 
bulky, heavy, and expensive — in fact, a complete gas-making plant itself; and I do 
not believe after the gas is obtained that a sufficient quantity of it could be consumed 
per hour by any practicable arrangement of jets in a furnace to produce as much 
heat as could be obtained from coal burned at the maximum in the same furnace. 

The only method that has been attended with any success is that of "atomizing" 
or spraying the oil, by means of steam under sufficient pressure for the purpose, used 
in an injector, placed outside the furnace so as not to receive the high temperature 
of combustion. The oil in fine spray, excessively comminuted, is thus squirted into 
the furnace, where it is decomposed at large and its constituents separately consumed. 
An ordinary Giffard injector is employed, and the smaller its nozzle the better it 
works. Even in this case, how^ever, the injector will fill with coke after a consider- 
able time and requires to be unscrewed from its pipe and cleaned out, another being 
substituted meanwhile. In this manner oil fuel can be satisfactorily burned. All 
other methods have failed. 



NECESSITY OF OFFICIAIiliY INSTAIiJLrN^G XJAj AUXIIilARY 

APPIilANCES. 

Strainers. — The majority of the crude oils having been obtained 
from wells driven into the earth, of necessity carry in the body of 
the oil, more or less intimately mixed, certain small proportions of 
water, as well as more or less sand or grit. The heavier and more 
viscous the oil, the greater the tendency there is to hold in suspension 
these deleterious substances. Large proportions of these foreign 
matters separate out while the oil is stored in the producers' tanks, 
but when the oil is hurried to a market the dealers are not always as 
careful as they might be to extract these harmful substances. 

In general it can be assumed that no crude oil is perfectly clean. 
Therefore in the installation of any oil-burning plant special pro- 
vision should be made for straining out ail sand and foreign matter. 
Arrangements should always l)e provided for catching the water as it 
slowly settles to the bottom of the tanks or bunkers. 

The effect of sand in oil increases the wear on the small annular 
nozzles of the oil burner, or, when using burners provided with 
specially small orifices, these openings may become altogether clogged. 

Various types of strainers for oil have been devised, some of which 
are simply formed by the insertion of a blind, wire-gauze gasket in 
the joints of the oil pipe. This device, while having the merit of 
simplicity, yet proves as a working method to be unsuitable, owing to 
the long time required to unbolt the joints to take the gauze out for 
cleaning. A much more satisfactory plan is to employ appliances 
devised on the lines of strainers used in other classes of marine work, 
such as Macomb strainers, etc. A strainer of this type, as designed 
by the board, is shown in fig. 95. An advantage of this type of con- 
struction is that the wire gauze is placed on the inside of a perfoiTited 
metal basket. This metal basket is of such shape that it can be readily 
removed by giving it a slight twist and releasing it from the lugs 
which hold it in place, and the basket can be then removed through 
the top of the strainer casting, which is fitted by a cap, kept in position 
by two handles or ears w^hich are formed on the cap top. As thus 
shown the whole operation of taking out the strainer can be done 
by hand, without recourse to tools or wrenches. The strainer basket, 
once removed, can be replaced by a fresh and clean one. 

The gauze used for oil strainers should not be too open, and should 
be formed of brass wires of probably a width of mesh work equal to 
about half of the width of oil orifice in the burner. 
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Another form of stminer is as represented in fig. 96, which has 
been largely used in the European work undertaken with the Kort- 
ing mechanical burner. As the oil orifice in those burners is only 
about one-sixteenth of an inch in diameter, it is therefore of utmost 
importance that the oil be carefully strained through very fine mesh 
work. In the plan as shown the wire gauze is placed around a per- 
forated cylinder, and the oil is forced from the outside of the cylinder 
through the mesh work, then into the perforated cylinder, and to its 
outlet. This type of strainer is also genei*ally provided with an oil 
warmer, for as we have seen, with very viscous oils it is often desir- 
able to give them a moderate heating in order to increase 'the fluidity. 




Fig. 95.— Oil strainer for heavy oils. 

In this filter-heating device an internal steam jacket is provided 
through which either light pressure live steam or preferably exhaust 
steam from any of the auxiliary pumps can be passed. 

In the placing of these strainers it is not unusual to find a strainer 
placed on the oil pipe on each side of the pump, thus insuring that no 
grit gets into the pump, and that any particles of old packing or other 
material from the pump can not go to the burner through the last 
filter. A still more desirable plan is to have two strainers between the 
pump and the burners, so that when one filter is being opened the 
current of oil can be transferred by means of a by-pass valve through 
the other filter. 
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Fig. 96. — Strainer for oil, with oil-warming device. 
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SEPARATION OF WATER. 

There is no practicable device that will directly separate the water 
from the oil. This separation can only be satisfactorily effected by 
allowing the water to settle to the bottom of the tanks by gravity. 
It therefore follows that if the suction to the oil pumps are placed in 
the bottom of the tanks, water will be often drawn when only oil is 
desired. A thread of water blown into the oil burner effectually 
extinguishes the flame in the furnace, and if oil does not soon follow 
the water, there may be difficulty in relighting without introducing 
an outside flame. In order to insure a supply of oil from the tank 
without an admixture of water, devices have been adopted whereby 
the oil-suction pipe is caused to swing up or down in the oil bunker 
to a level at which it is known that pure oil can always be obtained. 

Fig. 97 shows a practicable design used in English tank steamers in 
which this movable oil-suction pipe is carried by a float. The suction 
tip is thus always maintained at a point within a few inches of the top 
of the oil wherever the oil level in the tank may be at the time. It 
will also be seen that the tip of the oil-suction pipe is surrounded by a 
steam heating coil, the object of which is to slightly heat the oil in 
proximity to the inlet, thus increasing the fluidity of the oil, so that 
even in cold weather the oil may be readily pumped. 

At the bottom of each bunker there should alwa3's be provided a 
water cock or blow-off for the purpose of blowing off any water which 
may be found to have settled in the tank or compartment. 

HEATERS FOR OIL. 

Certain crude oils at the ordinary temperature of the atmosphere are 
of great viscosity, which viscosity increases as the temperature gets 
lower. At 30^ to 40^ F. , which is not an unusual outdoor tempera- 
ture, the fluidity of the oil is so slight that it is almost impossible to 
pmnp the oil or to force it to the burner. It is therefore necessaiy 
where fuel oil is to be used in regions which are subjected to severe 
winter temperatures that there should be means for heating the oil so 
that the oil may more readily flow to the pmnps. The usual manner 
of accomplishing this is not to attempt to heat the whole tank or 
bunker of oil, but simply to heat the oil immediately surrounding the 
suction pipe to the pumps. This can be easily accomplished by plac- 
ing a coil of a few turns of steam pipe about the suction pipe. This 
method is also shown practically accomplished in the previous fig. 97, 
where this heating coil was attached to the floated pipe. 

In all pipes intended for the transmission of crude oil it is desirable 
that connections should be made to them so that steam can be turned 
into the pipes after shutting off the oil. These pipes can be thus cleaned 
by the heat and the force of the blowing steam, and any deposited 
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Tank Suction Pipe for Oil- 




Fig. 97.— Device for taking oil near top of variable oil surface; instead of taking oil out of fixed out- 
let at tank bottom, with resulting poeeibility of obtaining water instead of oil. 
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asphalts, paraffins, or condensed hydrocarbons can be cleared out 
before the pipes become choked so as to impair their efficiency. 

The heating of the oil should be always recommended as an aid to 
secure better operation of pumps and burners, but, as shown elsewhere 
in this report, this heating should never be canned to such a degree of 
temperature as will cause decomposition of the hydrocarbons of the 
oil. The degree of temperature at which such decomposition is likely 
to occur has been ascertained for the oils of each region. 

FEED TANKS FOR BURNERS. 

Many installations for oil burners use a secondary feed tank between 
the main bunkers and the pump. This tank is designed with the 
intention of holding an easily measured quantity of oil, and the num- 
ber of times it is filled and emptied indicates a convenient method of 
measuring the total number of gallons or barrels used in a stated time. 
This feed tank is often provided with heating coils, and the tempera- 
ture is always kept at a figure just short of the depositing point of the 
hydrocarbons. 

OIL-PRESSURE REGULATORS. 

With most burners it is desirable that a uniform pressure should be 
maintained on the oil circuit to the burner. If it were possible to 
keep the pumps automatically and perfectly regulated, a uniform pres- 
sure could be secured. There are many devices on the market which 
set out to secure this uniformity of action. Oil-pressure regulators 
similar to those used as regulators on steam mains have been tried, but in 
general have been found to be unsatisfactory, owing to the fact that 
the moving parts become clogged with sand or hydrocarbon; conse- 
quently the board has found that no so-called oil-pressure regulator 
used as a single device is satisfactory. A reliable plan is to provide 
the oil chamber of the pump with what would correspond to an air 
chamber on the water pump, or to provide a separate tank or chamber 
in which a constant air pressure is maintained on top of the oil by addi- 
tional means. There are a number of designs of apparatus on the 
market which contain this feature of an oil air chamber, and corre- 
sponding regulating apparatus, which have given satisfaction. Many 
of these installations contain automatic arrangements whereby the 
change of level of the oil in the chamber effects a control of the steam 
supply to the oil pump, and thus affords an automatic method of con- 
trolling the quantity of the oil supply to the burner system. 

In all oil installations it is very important that the control of the oil 
pump and of the steam to the burner or of the compressed air, where 
air is used, should be so arranged that in case the delivery of any one 
of these fluids is reduced, or interrupted, a corresponding reduction or 
shutting off should be effected in the supply of the other elements. 
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It is especially important that oil should in no case continue to be 
forced or pumped to the burners when the steam or air required for 
spraying is shut oflf, as in such an event the unsprayed oil is liable to 
flood in upon the hot brickwork and a furnace explosion is sooner or 
later likely to occur. The underwriters' regulations in many cases 
specifically require that in the event of the stoppage of the oil flow 
to the burner all the other functions shall be caused automatically to 
cease. These are precautions dictated by considerations of ordinary 
safety, and various applications of valves and devices are in the market 
whereby these results can l>e attained. 

OIL-CARGO PUMPS. 

For vessels carrying oil in bulk or for carrying oil in large quanti- 
ties in their own bunkers it will be found desirable to install a special 
pump for the rapid pumping of oil either into or out of the cargo 
holds or ships' bunkers. Most oils, being sluggish in their motions, 
can not be readily handled by the pumps ordinarily used for the 
burners, and pumps of larger capacity are therefore required. 

These cargo pumps will also be called into service while the vessel 
is at sea, for pumping the oil from one bunker or hold to another, in 
order to change the trim of the ship or to keep certain tanks at a 
desired level. 

TANK VENTILATION. 

In the storage of fuel oil on shipboard, it is of the highest impor- 
tance, not only that the most careful attention should be devoted to the 
method and quality of rivetting, to secure oil tightness of bunkers and 
double bottoms, but that great care should be exercised in the design 
of the oil tank ventilation devices. It is well known that all crude 
oil generates more or less vapor of an explosive nature, and this 
vapor being heavier than the air rests upon the top of the oil in tanks 
or bunkers. This vapor can be removed b}^ natural or artificial 
means, but as the formation of the vapor from a tank of oil proceeds 
rather slowly, it is usually found that a system of natural ventilation 
can be devised so that suflicient of the vajjor can be easily removed. 

All ventilating heads or cowls should proceed as direct as possible 
to weather decks, but should be located not too near the smoke stack. 
In all circumstances the oil ventilating cowls should be fitted with 
fine wire gauze soldered into the cowl opening. This wire gauze 
permits easy exit of vapor, while preventing any back flash into the 
vapor pipe from a stray spark from the main funnel or a light from a 
careless smoker on deck. 

These oil ventilation cowls from their very exposed position are 
often caught by the rush of heavy shipped seas, and salt water is 
likely to pour down into them. Hence it is desirable to goose-neck 
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these cowl pipes as is often done on board torpedo boat ventilator 
pipes, or to design a cowl pipe with a light ball float which will close 
under the presence of water in the manner of a check valve. 

AIR COMPRESSORS. 

In marine work it is generally recognized that compressed air should 
be used as a spraying medium rather than steam, in order to prevent 
the loss of fresh water which is entailed by the use of steam as a spray- 
ing medium. In the types of burners generally used the amount of 
compressed air required is considerable, and the sizes of air com- 
pressors installed are such as to constitute quite an addition to the 
mechanical apparatus placed in the engine room. 

By reference to the columns giving the quantity of cubic feet of air 
used for boilers in the tests, as conducted by the experimental board, 
it will be observed that the cubic feet of free air required to eflfect 
vaporization for a given horsepower or fuel consumption is such that 
the size of the air compressor demanded is considerable. 

The result of these considerations are that for marine purposes when 
vessels are intended for short voyages it will probably be found more 
satisfactory to buy water at the ports of call rather than to use the 
large and cumbersome air compressors required. 

In very small marine installations, such as on tugs, air compressors 
of the Westinghouse air-brake type have often been used, but their 
proportional power consumption of steam is so excessive that their 
use is in no case to be recommended except where first cost or only 
occasional service is a ruling element. 

Certain classes of burners have been operated with air at much 
lower pressures by use of blowers rather than air compressors. For 
marine pui'poses the results are somewhat more satisfactory, probably, 
than with the compressors, but still the blowers occupy considerable 
room in the engine or boiler rooms, and, as seen from the results of 
tests made by the board, there is somewhat of a question whether as 
satisfactory a combustion can be obtained with burners under low- 
pressure as with burners operating under high-pressure air. 

When using air either at high or low pressure as a spraying medium 
it is exceedingly desirable that the air be superheated before passing 
to the spraying tip, as thereby a considerable gain in efficiency can be 
anticipated. 



FI^UNAOE COT^STRUCTIOX. 

Where there is no desire to force the combustion of liquid fuel, the 
simple cylindrical furnace of the Scotch boiler has been found fairly 
suitable, particularly if an extension to the front of the furnace is 
made, so that complete combustion can l)e effected before the gases 
pass through the tubes. 

With the water-tube boiler the problem becomes a more complicated 
one, at least so far as economy is concerned. Where the gases pass 
through the tube«, as in the case of the Scotch boiler, the resulting 
friction is sufficiently great to cause the gases to be abstracted of suffi- 
cient heat to produce a comparatively low tc»mperature at the base of 
the stack. Where the gases pass around the tubes, as in the case of a 
water-tube boiler, there is but little impeding of the flow, and as a 
result stack temperatures are comparative!}' high. When burning oil 
in bent-tube types of boilers combustion is often only completed near 
the top rather than near the base of the stack or funnel. 

The question of baffling of the gases in a water-tube boiler is one of 
supreme importance, for not only does it concern the economic effi- 
ciency but the endurance of the boiler itself. The straight-tube water- 
tube boiler ought, however, to possess special advantage for the burn- 
ing of oil by reason of the fact that it is possible to secure a combus- 
tion chamber of considerable volume, so that complete combustion of 
the fuel can be effected. 

Valuable information in relation to the naval boiler problem could 
have been obtained if the experiments had been continued sufficiently 
long to have experimented with different arrangements of baffling. 
There is but little doubt that it would have been found that the calori- 
meter opening should be decreased in a water-tube boiler where either 
coal or crude petroleum is used as a fuel. It will be observed that in 
some of the experiments where forced draft was used the reduced 
calorimeter opening proved very effective. Throughout the experi- 
ments it was apparent that in many respects the baffling of gases in 
modern water-tube boilers has been done without definite system, and 
that the relative efficiency and endurance of the various types can only 
be determined by the installation of a more efficient system of baffling. 

It must be manifest that the question of water circulation is greatly 
dependent upon the problem of baffling, for unless there is a compar- 
atively uniform heating of the tubes spasmodic circulation in water- 
tube boilers of every design is likely to occur. 

The remarkable freedom from bending of the lower row of tubes of 
the experimental boiler was undoubtedly due to the presence of the 
horizontal baffle plates placed between the tubes for two-thirds of their 
length. As this baffling reac^hed an incandescent state there .was 
radiation from it to the lower row of tubes when the furnace doors 
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were opened, and thus the tubes themselves were uniformly receiving 
heat either from the gases or from the intervening baffling. The fact 
that the lower row of tubes in the Hohenstein boiler were practically 
immune from a tendency to bend could onh'^ be ascribed to the nature 
of the baffling and the excellent character of construction. 

Numerous experts had suggested to the board the necessity of 
giving special consideration to the question of arch construction so 
that there could be an impeding of the flow of the gases, in order that 
combustion could be completely effected within the furnace or amidst 
the tubes. 

The accompanying sketches will show the various forms of brick- 
work that were used in the experimental water tube and the auxiliary 
Scotch boiler. The more experience the board had with arch con- 
struction the more convinced the members became that by reason of 
such construction being subjected to very severe heat and occasional 
chilling practically but little endurance could be expected. Before 
settling, therefore, upon any approved form of baffling arch the effort 
should be made to dispense entirely with any brickwork except a 
lining for a portion of the furnace length and a simple vertical bridge 
wall whose height could be increased or diminished at comparative 
trifling time, trouble, and expense. 

FURNACE FORMS FOR SCOTCH MARINE BOILERS. 

Scotch marine boilers, on account of their contracted volume of fur- 
nace, produce difficulties in the introduction of oil, and by reason of 
the small cubical space permissible for combustion purposes it is requi- 
site that careful study should be given to the disposition of the brick- 
work in, or surrounding a furnace. It is, of course, quite possible to 
spray the oil at once into the metallic fire box or furnace of the Scotch 
boiler, the flame impinging on the cold surfaces of the steel plates; 
but although this is often done, yet it can not in any case be recom- 
mended as good practice. For successful combustion of oil it is requi- 
site that the issuing oil spray should not too early in its progress of 
combustion strike the chilled or comparatively cold surfaces of the 
metal work. Carefully designed oil-burning furnaces require that the 
furnaces should be either partially or wholly bricked around. 

As has been elsewhere shown in this report, the fact of heated brick- 
work is in itself a very great advantage in aiding combustion, and of 
still greater use in insuring perfect continuity of the heat supply, 
especially when burners tend to act in gusts, as they often do under 
improper action of the pumps, or where there is dirt or water in the 
oil supply. 

The brickwork surrounding the interior of the Scotch furnace ought 
not to constitute a serious loss in thermal effect, because the brick itself 
early becomes incandescent and transmits a large portion of its heat 
directly to the metal in a steady and continuous flow. 
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I Burner spraying directly Into 
the round bricked furnace. Of- 
ten the bricking is omitted alto- 
gether, a practice not conducive to 
economy. 



n Burner npraying directly over 
paved grate, set with fire brick 
with air openings. By raking out 
the brick this furnace is at once 
available for coal. 



m Burner spraying into 
bricked furnace fitted with 
fire-brick wagon-top arch and sep- 
arate combustion chamber. 



TTT Extended fire-box furnace, 
J- ' giving longer sweep to oil 
flame. The wagon-top arch and 
combustion chamber are provided. 



V 



Extended fire box with spe- 
cial spiralized air-heating de- 
vice intended for use with mechan- 
ical burners or burners for high 
efficiency. 



Flo. ©8.— Oil-burning furnace forms for Scotch boilers. 
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In the accompanying forms of furnaces shown the board has in all 
cases used or recommended for use, only simple forms of brick con- 
struction. Fig. 98 indicates in diagram the varied methods for burn- 
ing oil in Scotch furnaces. 

Furnace I indicates a corrugated furnace entirely surrounded with 
brick, and also bricked well up into the combustion chamber. The 
object of bricking into the combustion chamber, as shown, is for the 
purpose of protecting the back connection from the direct impact of 



6uffNU 



I Burner sprayiDfir directly into the round 
bricked furnace. Often the bricking Is 
omitted altogrether, a practice not conducive 
to economy. 



AIM 
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the flames. The burner is installed in the middle of the fire door or 
furnace front, spraying directly into the round bricked furnace. This, 
it might be stated, is the general pi'actice of firing oil into Scotch fur- 
naces, the whole volume of the furnace being utilized in which the 
combustion can take place. 



n Burner Bpraylng directly over paved 
grate, set with fire brick with air openings. 
By raking out the brick this furnace is at once 
available for coal. 




Fig. 100. 



Furnace II represents the combustion chamber still bricked, with 
the usual bridge wall left in place and the standai-d form of grate bars 
left intact; but on top of the grate bars is formed a paving of fire 
brick with interstices left between the bricks, or the bricks may be 
placed checker- wise. The bearing and grate bars with the ash pit neces- 
sarily take up so much of the cubical space of the furnace that it would 
be inexpedient to brick up the entire interior surface of the furnace, 
as in the former case, as there would not be left cubical volume suf- 
ficient to insure proper combustion. In the combustion of oil fuel 
it is recognized that as much volume should be allowed as the for- 
mation of the furnace permits. The burner is installed in the reg- 
ular fire door and sprays directly over the paved grate, the requisite 
air for combustion coming through the openings in the grate, and 
32196-04 25 
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perhaps also a certain amount along the burner opening. The advan- 
tage of the furnace setting on this plan is that the oil-burning installa- 
tion can be removed at very short notice, the paving of fire bricks on 
the grates can be easily raked out, and in the short space of an hour 
or more the furnace can be firing under the use of coal. Many steam- 
ship managers prefer to equip their furnaces in this way, as they 
therefore feel that they are then in a position to make use of either 
fuel as the conditions of the market or the supply of fuel in the jwrts 
where their steamers visit will warmnt. 




m Burner spraying into bricked 
furnace fitted with fire-brick 
wagon-top arch and separate combu8> 
tion chamber. 



Fig. 101. 



Furnace 111 represents the Scotch furnace equipped with a small 
wagon-top arch, and behind the arch, space is left for a combustion 
chamber. The main part of the furnace is bricked over for the rea- 
sons as heretofore indicated, the portion not bricked being directly 
over the arch, for the purpose of not too seriously checking the flow 
of gases passing over the arch. The burner installed in the furnace 
mouth sprays rather downward and into the arch, the flame reverses 
on itself, flows over the arch into the combustion chamber and to the 
tubes. This furnace has the advantage of insuring an intimate mix- 
ture of the flames of combustion and gases, but has the disadvantage 
of shortening up the total length of the active part of the furnace. 



TTT Extended fire-box furnace, 
J- » giving longer sweep to oil 
flame. The wagon-lop arch and com- 
biuition chamber are provided. 




Fig. 102. 



Furnace IV indicates a style of furnace setting similar to the pre- 
vious example, except that the furnace is extended outward b}^ a pro- 
jecting casting, thus increasing the total available length of the furnace. 
This casing is filled with fire brick, and being over a portion of the oil 
flame, which is itself not very hot, the casing therefore does not radiate 
any disagreeable heat to the fireroom. This form of setting has the 
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desired feature of affording a longer scope to the play of the oil flames, 
and consequently the gases are not so likely to pass to the tubes before 
complete combustion is attained. With the forms of burners desig- 
nated as straight-shot burners it is important that this length of ex- 
tended furnace should be used in order to obtain the full advantage of 
the oil. The experiments of the Board have indicated that when the 
burners are located too near the bridge wall that a deposit of soot, 
coke, or carbon forms on the bridge wall, and in time is likely to give 
trouble by choking up air passages or seriously decreasing the volume 
in the furnace. 



V Ex tended fire box with Fpecia 
spiralizcd air-heating device in- 
tended for use with mechanical 
burncrH or burners for high effl 
cienoy. 
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Furnace V is representative of a type of furnace so far made use 
of only where mechanical fonns of burners are used — that is, burners 
operating without the use of compressed air or steam. When using 
these mechanical burners, as elsewhere shown in this report, it is a 
desideratum that the air for combustion should be brought to the 
burners with as great a temperature as possible, and also, when condi- 
tions permit, it is desirable to give the air currents a certain amount 
of rotation. These hot twirling motions of the air are an important 
element in securing the desired efficiency of the combustion. The 
bridge wall or the wagon-top arch may or may not be used, but in all 
classes of furnace it is desirable if possible to introduce them, provided 
a proper fire brick can be obtained which will stand the tremendous 
heat generated by oil-flame formation. 



OIL-BURNING FURNACE FORMS FOR WATER-TUBE BOILERS. 

Water-tube boilers have usually somewhat greater volume in their 
fire boxes than the furnaces of the Scotch boilers, consequentl}^ the 
opportunities are greater to arrange the brickwork to suit the pecu- 
liar conditions required by oil fuel. With most of these boilers it is 
quite customary to put the burners into the fire doors or the spaces 
which would have been occupied by fire doors. As a matter of fact, 
it would often be better to put the burner at the back of the boiler 
and fire toward the front of the furnace, as by this means the larger 
end of the furnace would receive the gases of combustion at the point 
where the greatest expansion was taking place. 



380 



NAVAL ''LIQUID FUEL" REPORT. 




yHsmmssssszasz^sBzsz^ 



T Burners spraying into square 
J- open furnace, from which grate 
bars have been removed. 



TT Burners spraying directly 
-*■ A over a paved grate, set with fire 
brick with openings for air. By rak- 
ing out the brick this furnace is at 
once available for coal. 



m Burners spraying into a fur. 
nace fitted for a hot-air floor. 
Also when nece88ar>% a side opening 
for air. 



T XT Burners spraying Into a fur- 
J- ' nace fitted with flat arch or a 
series of wagon-top arches. 



V 



Furnace fitted with flat or 
wagon-top arches, with a com- 
bustion chamber behind the arch. 



VI 



Furnace with hot-air floor 
and arches. 



T7TT Extension furnace for 
T XI affording longer sweep to 
flame. The hot-air floor and arches 
also provided. 



V T T T Extension furnace with 
' -^-^-^ special spiralized air- 
heating device, intended for use 
with mechanical burners or burners 
for high efficiency. 



Fio. lot— Oil-burning furnace forms for water-tube boilers. 
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Owing to the fact that all the gauges, fittings, and connections are 
on the front of the boiler, it becomes an advantage to have the 
burner also, therefore, located on the front rather than on the back, 
where it would be practically inaccessible. In all the tests of the 
Board and in the proposed furnace modifications submitted the 
burners have been installed in the front of the furnace, as shown. 



Burners spraying into square open furnace 
from which grate bars have been remove<l. 



Fig. 105. 

Furnace I (fig. 105) indicates the burners spraying into the square 
open furnace of any of the standard water-tube boilers. The grate 
bars have been removed and the entire volume of the furnace is avail- 
able in which to eflfect combustion. 





n Burners spraying directly over a paved 
grate, set with fire briclc with openings for 
air. By raising out the brick this furnace is at 
once available for coal. 



Fig. 106. 



Furnace II shows a modification in which the regular grate bars 
have been left in place, and the grate bars have been covered with a 
paving of fire brick, ari-anged with proper spacing between bricks for 
the admission of air. The burners are adjusted to fire directly over 
the paved brick on the grates. This f urnai'e has the advantage that 
at any time it is possible to rake out the fire brick and at once to return 
to the use of coal as a fuel. The disadvantage is, however, that the 
cubical contents of the furnace have been very seriously reduced by 
retaining the grates and the paving in place. 



m Burners spraying into a furnace fitted for 
a hot-air floor. Also when necessary, a 
side opening for air. 
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Furnace 111 shows the bottom of the furnace constructed of a thin 
layer of brickwork, so arranged that the impinging of the hot gases 
and the effects of radiation cause the floor to be heated to a consider- 
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able temperature. The entering air for combustion passing under 
this floor becomes quickly heated, and adds quite an element to the 
eflSciency of the oil-burning operations. As shown in the detailed 
plans in this report, many of the tests of the Board were conducted 
with this style of flooring, and the results were usually found to be 
satisfactory for the purpose intended. 



•"n. 




Burners flprayfng intoa furnace fitted with 
flat arch or a series of wagon-top arches. 



Fi«j. 108. 

Furnace IV shows the introduction into the furnace of a flat arch 
or a series of wagon-top arches. The burner is arranged to point 
rather downward, so that the oil flame is directed under the arch, the 
current of the hot gases then reverse upon themselves, flow over 
the arch, and to the tubes. The introduction of the arch makes a 
desirable arrangement where the shape of furnace permits and where 
a satisfactory quality of fire brick can be obtained which will stand 
this i*ush of heat under and over it. Cored arches for this purpose 
have been designed in which a current of air is brought through the 
body of the arch, thus keeping down the temperature of the arch 
blocks themselves, and at the same time imparting a considerable 
degree of temperature to the incoming air. 



Furnace fitted with flat or wagon top arch 
with a combu.«tion chamber behind the arch. 



Fi(i. 109. 




Furnace V is essentiall}" the same as in the previous class, except 
that behind the arch a small combustion chamber has been devised to 
permit of a further expansion of the hot gases and more intimate 
mixture after passing over the arch and before entering the tubes. 
Constructed in this manner the furnace is liable to give trouble, due 
to the fact that the burner then is located too near the arch, and car^>on 
will be deposited on or under the arch unless a burner of a short- 
spraying type is adopted. 
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Furnace VI Is the same as the furnace represented in IV with the 
addition of the hot-air floor shown in furnace V. This combination 



Furnace with hot-air floor 
and arches. 




Fig. 110. 



of the arch and the hot-air floor produce a very eflficient furnace 
arrangement, and one calculated to give good results. 




TTTT Extension furnace for 
» AA affording longi^r sweep to 
flame. The hut-air floor and arches 
also provided. 



Fig. Ill 



Furnace VII shows an extension furnace for aflfording additional 
sweep to the flames. This extension is bricked with fire brick so as 
not to radiate heat into the fireroom, and to incidentally impart some 
heat to the flame by radiation. The wagon-top arch, or flat arch, and 
the hot floor are also introduced for the advantages which each confer. 



TTTT Extension furnace with 
Y 11 special spiralized air-heat- 
ing device, Intended for use with 
mechanical burness or burners for 
high efficiency. 




Fig. 112. 



Furnace VIII shows an extension furnace, with special spiralized 
air-heating device, designed for use with mechanical burners or other 
burners where it is desirable that the flames should be fed by a hot-air 
current. The arch formation can be used or not, as desired. 



VARIOUS TYPES OF FURNACES. 

The board did not consider it advisable to undertake the experimen- 
tation with boilers of the usual forms, specially known as land types, 
such as outside-fired shell boilers, particularly as a large number 
of accurate experiments have been conducted by others to determine 
the results and eflBciency of oil consumption under such types of 
boilers. 
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The prevailing opinion appears to be that the details of the arrange- 
ment of furnace for oil burning are more easily designed and installed 
for use under stationary boilers than in the marine type, owing to 
the fact that more room can be had for the necessary combustion 
space in the large and wide fire boxes in which proper distribution of 
tire brick for the heated gases can be obtained. 




Fio. 113.— Application of oil burner to the Navy type of launch boiler of Ward form 

There was, however, brought to the attention of the lx)ard the pos- 
sibilities of the use of oil in small vertical boilers, such as the types 
largeW used on the standard launches of the United States Navy, or 
boilers of the small-tube type, which are now usually- installed in tor- 
pedo boats and torpedo-boat destroyers. These boilers and their fire 
boxes are of numerous types, with the result that the fire-box condi- 
tions likewise have great variation. 
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In hg. 113 is shown a cross section through the vertical water-tube 
type of boiler used in the standard navy launch. As proposed for 
the use of oil, the burner would be located in the center of the grate, 
the grate bars being covered with fire brick so placed as to allow 
numerous small openings to provide the requisite draft for combus- 
tion. The firing door proper would be bricked up, allowance being 
made for a sight-hole from which to view the operation of the flame. 

CONFIRMATORY EVIDEXCB AS TO REIil ABILITY OF THE 
DATA SECURED BY THE LIQUID FUEL BOARD. 

Previous to the conduct of these tests various engineering experts 
had made reports showing that during experimental trials there had 
been evaporated from and at 212^ as high as 17 pounds of water per 
pound of oil fuel. When the preliminary report of the board was 
issued, showing that no expert had been able under commercial condi- 
tions to secure with an ordinary marine boiler an evaporation of 15 
pounds of water per pound of oil combustible, where there was no 
heating of the air requisite for combustion, as in the Howden system, 
it was asserted in some quarters that there had been lack of knowledge 
or skill in the operation of the burnere. 

The board has received from one of the leading oil centers of this 
country the following data in regard to a comparative test of leading 
forms of oil burners used for manufacturing and marine purposes. 

Among other conclusions formed by the Liquid Fuel Board was the 
opinion that neither evaporative eflBciency nor capacity was primarily 
dependent upon the design of oil burner, but that the character of the 
installation was all-important. This conclusion has been supported 
by these official tests since the burner designated "R," which was 
made of gas-pipe fittings, was one of the most efficient where there 
was not severe forcing of the boilers. It should be stated that each 
of the burners, whose commercial names are represented by the let- 
ters '*'A" to ''Q," inclusive, is a well-known patented appliance and a 
burner that finds a ready sale in special localities. 

It should be further stated that the seventeen distinct forms of burners 
used during these experiments were installed and operated b}^ experts. 
While some of the tests were of very short duration, sufficient infor- 
mation was secured to show that it will be the rare exception in actual 
practice where the evaporative results secured by the Liquid Fuel 
Board will be exceeded in actual comn^ercial or maritime practice. 
Where the air requisite for combustion is heated, as in the Howden 
system, and where properly designed retarders are fitted in a Scotc»h 
boiler, and with an extension to the front of the furnace, the evapora- 
tive efficiency will be increased. It will be noted that the oil pres- 
sure as well as the pressure of the spraying medium was different for 
the several burners. The several appliances were operated under the 
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special conditions for which they were designed to be used, and thus 
the highest possible efficiency was secured from them. There is not 
the slightest doubt but that the difference in results secured from oper- 
ation of the several forms of burners would have varied even more if 
the installation of auxiliaries and piping of the different devices had 
been left to other than experts. 

The data of these tests should be studied in connection with the sum- 
mary of the extended series of liquid-fuel tests conducted by the naval 
board. 



Designation of 
burner. 



A. 
B. 
C. 
D. 
E. 
F. 

Ct. 

H. 

I.. 
J . 
K. 
L. 
M. 
N. 
O, 
P. 
Q. 



I 



, Re vol u- 
Dura- tions per 
tion of minute of 
test, air com- 

; pressor. 



Hourtt. 
6 j 



2 ' 

6 

3 

6 

6 

3 

6 

'\ 

54§ 
6 
6 
6 
3 



6«.4 

55.2 

41.8 

60.3 

58 

56.6 

56 

61.2 

38.6 

68 

42 

40.9 

60.7 

49 

62.75 

58.2 

45.4 



Water evap- 
orated per 
hour from 
100° F. 



Pound*. 
4,851.5 

7,068 

4,761.9 

4,971.6 

5,080.9 

4, 675. 8 

5,927.46 

5, 706. 6 

4, 010. 6 

5, 172. 48 

4,658.4 

5, 158. 9 

5,379 

5, 310. 4 

6,430 

6,369 

5, 376 



Oil 
burned 
per hour. 



Waterper Water per 

pound of pound of 

oil from oil from ! 

and at and at 

lOQo F. 2120 F. 



Free air ■ Free air 

per !per pound 

burner of water 

perm in- from and 

ute. at 2V2P F. 



Pound*. 
488 

701.5 

461.4 

472 

477.5 

430 

542. 3 

520.7 

364 

459.7 

411.5 

455 

470.4 

460.7 

471 

532 

444 



Pound*. 
9.94 

10.08 

10.32 

10.53 

10.64 

10.87 

10. 93 

10.96 

11.03 

11. 25 

11.32 

11.34 

11.43 

11.53 

11.54 

11.98 

12.099 



Pouj^U. 
11.48 

11.63 

11.92 

12.15 

12.24 

12.54 

12.63 

12.66 

12.7 

12.99 

13.07 

13.08 

13.19 

13. 30 

13.33 

13.82 

13. 96 



Cubic ft. 
54.5 

43.34 

32.8 

47.4 

45.25 

44.5 

44 

48.1 

30.4 

53. 42 

33 

32.1 

47.65 

39 

49.3 

45.75 

35.6 



Cubicjt. 
1.17 

.6375 

.7159 

.99 

.926 

.99 

.89 

.875 

.787 

1.072 

.846 

.65 

.921 

.87 

.943 

.748 
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Desifn^atlon of 
burner. 



Cubic/l. 
13.4 
7.41 
8.54 
12.05 
11.38 
12.4 
9.74 
11.08 
10 

13.9 
9.62 
8.48 

M 12.16 

N.... 10.02 

12.56 

P 10.32 

Q 9.6 



A, 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I.. 
J . 
K. 
L. 



Free .\vera^e 
air per tempera- 
pound ture of 

of oil feed 

burned. water. 



99.56 
102 
100.9 

99 

101.5 
101 
102 
101 
100 
100.5 
100.5 
101 
100 
101.5 
100.3 
101 
100.5 



.\verage 
tempera- 
ture of 
smoke- 
pipe 
ga.Me.'*. 



°F. 
837. i 
1,0*0 
698 
784 
792 
702 
800 
a'>8 

(^) 
775 
973 

(^) 

621 
660 
709 
686 



I 

Average | Average 

8team | preswure ' Horse- Average 
prewiurc , of air for ^ power of oil 
at boiler atomiz- ! boiler.a prewture. 

gauge. ing. 



Pounds. 
94 
93 
94 
90 
92.3 
90 
94 
94 
82.3 
94.6 
93.5 

(^) 

92 

93 

95 

89.3 

89 



Pounds. 
20 
20 
20 
20 
20 
20 
17 
20 
20 
20 
28.5 
20 
60 
20 
20 
20 
20 



I 

162.4 

236 

159.4 

166 
, 170 
■ 156 

198.4 

191 

134 

173. 17 
. 156 

172.6 

155. 91 

178 

182 

213 

180 



Free air 
per pound 

of water 
evap- 
orated 

from and 

at 100° F. 



j Pounds. 
20.6 
30.8 
14 
19 

I ^^ 
' 20 

10.3 

29.1 

20 

10.3 

20* 

19.4 

i)0 

21 

20.2 

29.5 

21.8 



1.348 
.736 
.827 

1.144 

1.069 

1.141 
.891 

1.011 
.907 

1.239 
.859 
.747 

1.06 
.869 

1.09 
.863 
.790 



d Unit equals 30 pounds water at 100<^ F. into steam at 70 pounds gauge preysure. ^Not taken. 

Above teHts made with air atomizers. Heating surface of boiler, 1,180 square feet; grate surface 
of boiler, 27.5 square feet: 2 furnaces, 30 inches diameter, 6 feet long; 9 Galloway tubes; 113 3-lnch 
tubes. 

Conditions imposed: Gravity of oil, 16 to 28 Baum<^; steam pressure allowed for atomizing, 80 
pounds per square Inch of gauge; pressure of oil allow^ed at burners, 10 pounds to 40 pounds per square 
inch; steam pressure in boiler, 90 pounds per square inch; water to be eyaporated per hour, 5.000 
pounds. 



XECESSITY OF PP^RMITTING UNOFFICIAI^ OR PREIilMI- 

XARY TRIAJLiH. 

Between the sev^ei-al official tests conducted by the Naval Fuel Oil 
Board there were invariably undertaken a number of unofficial trials, 
and by reason of this preliminary experimentation, important infor- 
mation was obtained and many improvements suggested by modifying 
the various installations. Those receiving permission to install their 
appliances, invariably found it quite a different matter to operate 
burners when fitted to a boiler capable of developing 2,000 horse- 
power, from what it was to install the device on a steam generator that 
supplied the motive power to the machinery of either a small vessel 
or medium-sized manufacturing plant. 

With one or two exceptions, no firm has been able, without conduct- 
ing preliminary tests, to tell the board the best manner in which under 
forced-draft conditions their devices should be operated. In fact the 
details of installation of every burner officially tested was quite differ- 
ent from that projected at the beginning of the test. The two or 
three days that were given to experimental trials invariably furnished 
sui'prises to the inventor. Probably no better illustration could be 
given of the lack of definite knowledge in regard to the correct 
way of operating burners than was shown during these tests by the 
inventors of oil burners in the management of such appliances. 

The experience of the Iward in this particular respect, shows the 
necessity, for naval needs, of having disinterested experts conduct 
extended series of tests to determine the guiding principles, which 
should be followed in fitting different types of naval vessels for burn- 
ing liquid fuel. There has been sufficient evidence already secured to 
prove that in all probability a special design of installation will be 
required for different types of boilers. It can hardly be expected that 
an installation which could do efficient and economical work in some 
small land boiler, will always be equally applicable to a large steam 
generator of the marine type. 

In noting the evaporativ^e efficiency secured it should be remem- 
bered that the experimental boiler was designed for actual Navy con- 
ditions, and that the limitations prescribed by the Department as to 
height, weight, and floor space were of a severe nature. There was 
not only considerable radiation from the boiler, but the proportion of 
heating to gi'ate surface was not as large as in land boilers, due to 
limitations imposed by the Navy Department. Taking these facts 
into consideration, the efficiency resulfes are exceedingly satisfactory. 
The capacity tests have never been surpassed. The engineering world 
looked for comparative results from the series of tests that were con- 
ducted, and trustworthy information in this respect has been secured 
and furnished. 
388 



SOURCES OF THE OIX. SUPPIiY USEB FOR EXPERIMENTAIi 

PURPOSES. 

From various sources the Bureau received oflFers to supply free of 
cost at the wells all the oil required for experimental purposes. 
After careful investigation it was found that if such oflFers should be 
accepted, great diflSculty would doubtless be experienced in securing 
shipment of the product to the experimental plant. As the facilities 
for the transportation of oil are practically controlled by a few cor- 
porate interests, the board soon discovered that in order to provide 
for an adequate and reliable supply of such fuel it would be essential 
to deal only with those who could guarantee the timely shipment of 
the oil requisite for experimental needs. 

It was fortunate that such action was taken, for by reason of the 
limited number of oil-tank cars in use, continued trouble was experi- 
enced in securing a sufficient supply of oil requisite for conducting 
the tests. 

No attempt was made to detennine the evaporative efficiencj^ of 
either the Pennsylvania or the Ohio crude petroleum product, since 
practically the bulk of the supply of these districts, pumped through 
the pipe line to the Atlantic coast, is used for illuminating purposes. 
For marine work, at least, the cost of such oil delivered at the seaboard 
is a bar to its use as a combustible. 

The tests were, therefore, made with the Texas and California 
products, for the reason that the output of these fields is not being 
entirely absorbed for illuminating and commercial reduction. The 
Texas oil was procured from the Standard Oil Company. The board 
is under special obligation to the officials of that corporation for 
assistance in keeping the experimental plant supplied with fuel. There 
were times when the supply of Texas oil reaching the North Atlantic 
ports was so limited that the orders of regular customers could only 
be supplied in part. The oil required for operating the naval experi- 
menting plant was often secured only through persistent appeals and 
by the active help of individuals connected with the service of this 
company. 

It required months of persistent eSort to secure several car loads of 
the California product for experimental purposes, although the 
Engineer in Chief of the Navy, Rear- Admiral Melville, made urgent 
appeals to the presidents of various transcontinental railroads to fur- 
nish cars for the transportation of this oil. In order to expedite 
delivery there was no limit placed on the cost of such shipment. 

It was finally through the personal eflFort of Dr. C. T. Deane, secre- 
tary of the California Petroleum Miners' Association, and Col. W. M. 
Bunker, the Washington representative of the San Francisco Chamber 
of C/Ommerce, that three shipments of oil were secured. The board 
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takes this occasion to bear testimony to the extent and value of the 
information furnished by these gentlemen in regard to the develop- 
ment of the use of liquid fuel on the Pacific coast. The personal 
work done by these officials in acquainting the board with the pos- 
sibilities of the oil development of California is deserving of the 
most substantial recognition by all having an interest in the sub- 
ject, and particularly' by all connected with the development of the 
oil industry on the Pacific coa«t. The board has no hesitancy in 
stating that if it had not been for the reliable, continuous, and valuable 
supply of information that had been furnished the board during the 
past two 3'ears by these representative officials, the industrial, mari- 
time, and military importance of the California product to national 
interests could not have been appreciated in its fullness by the Liquid 
Fuel Board. 

There were cogent reasons why both the California and Texas 
products should be used under the same experimental boiler, and 
probably the only reliable comparative experiments ever conducted 
as to the value of the two products were those made during these 
tests. 

From a naval standpoint it may be much more impoilant to further 
investigate the possibility of using the California rather than the Texas 
product. Coal is quite scarce and expensive on the Pacific coast, as 
compared with the output and cost on the Atlantic coast, while the 
reverse is the case as to the cost of oil. It will be on the Pacific 
coast, therefore, that oil will find its most important use for naval 
purposes, and on this account the data in regard to the California 
product should be of substantial value. 

Probably no more impressive way could be shown of telling how 
unreliable is the source of supply of liquid fuel on the North Atlantic 
coast, than by stating that it was probably the personal appeals of indi- 
viduals, rather than the demands of the experimental plant, which 
insured the regular deliver}' of the comparatively limited quantity 
requisite for test purposes. The present lack of supply of the Texas 
product at the northern Atlantic ports, is possibly due to the fact that 
there are too few tank steamers in operation, and that the failure 
of a half dozen of such vessels at any time to make regular trips, 
always seriously embarrasses a large number of special interests 
whose industrial demands compel them to use oil as a fuel. 

THE RELATIVE VALUE OF COAL AND OIL AS A FUEL. 

Probably no more striking way of actually showing the relative com- 
mercial value of coal and oil as a fuel, could be presented than b}^ stating 
that the Atchison, Topeka and Santa Fc Railroad Company made the 
following comparative tests, of the cost per train mile, of coal costing 
$6.65 per ton and petroleum costing $1.33 per barrel: 



RELATIVE PRICES OF COAL AND OIL. 391 

Twenty -five passenger and freight engines on a thirt^'-day run, used 
2,077 tons of oil and traveled 87,063 miles, or 41.9 miles per ton, or 
3,500 miles per month per engine. Oil at $1.33 per barrel would, at 
this figure, cost 14.4 cents per mile. Twenty-five passenger and 
freight engines (same days, same track, and same condition) burning 
coal, cost 23.2 cents per mile. The oil was 15^ Baumd, about the same 
as the Kern Kiver oil, which is 14^ to 17^ Baume; this showed a sav- 
ing for oil of 38 per cent, and the experiment was tried with coal at 
$6.65 per ton. 

In this extended and practical test the cost of the oil per barrel wlis 
one-fifth of the cost of the coal per ton, while the resulting gain for 
oil was 38 per cent. Stated in another form, the value of the two 
fuels would be the same when the price of the coal in tons was three 
and one-half times the price of the oil in barrels. 

The appended chart showing the respective prices of crude oil at 
New York, San Francisco, and Point Sabine, as well as the prices at the 
Pennsylvania and California wells, will show the exceeding cheapness 
of the San Francisco product, and of the stability in price as compared 
with the Texas and particularly with the Pennsylvania yield. These 
prices, studied in connection with the oil productions of the various 
districts, ought to show the field for marine uses of crude petroleum 
that will eventually be found in the Gulf of Mexico and along the Cal- 
ifornia coast. Q 2^ I ^} 

The fact that the Atchison, Topeka and Santa Fe Railroad Com- * ly x 

pany was compelled to pay $1.33 per barrel for fuel oil, although the 

road traversed an oil district, is striking evidence of the increase in cost C^ ' { 2- ^ 

over the price at the wells to the consumer by reason of the expense /* <^#_ 

attendant upon light refining and transportation. ' ^ 

'^ * > 

Pricrs of Texas petroleum delivered at Texas seaboard. J * ' ' 

I 
[Prices, In cents per barrel of 42 gallons. Maximum and minimum prices f:^r each month.] 

1902— January 8 to 16 

February 15 25 

March 15 30 

April 17 25 

May 20 25 

June 20 25 

July 15 20 

August 20 25 

September 25 85 

October 30 45 

November 35 40 

December 40 55 

1903— January 50 55 

February 52 60 

March &y «85 

A pri 1 75 « 85 

(I Sales said to have been made at higher rates. 
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1903— May 70 to 80 

June 73 80 

July 36 60 

August 25 35 

September 35 50 

Octo l>f r 30 50 

November 32 45 

December 45 70 

1904— January 30 52 

February 30 50 

March 25 42 

Prices of Pennsylvania oil in Xew York market and at wells. 



Date. 



1901. 

April 

May 

June 

July 

August 

September 

October 

November 

December 



Pennsylvania In 
New York market. 



Per 
gallon. 



Per 
banvl. 



I 



CenU, 
5.50 
4.70 
4.35 
4.35 
4.95 
4.95 
5.10 
5.10 
5.10 



1902. 

January 4. 65 

February 4. 65 

March 4.65 

April 4.65 

May 4.85 

June 4. 85 

July 4.85 

August I 4. 65 

September ' 4. 65 

October 4.65 



$2. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
2. 

1. 
1. 
1. 
1. 
2. 
2. 
2. 
1. 
1. 
1. 



Penn- 
sylvania 1 1 
at wells ; 
(pipe-line 
I certifl- 1 
eates), per 
barrel. 



31 

97 
83 

83 I 
09 I 
09 I 

14 ' 

14 

95 
95; 

95 ; 

95 I 

04 ; 

04 ' 
04 . 
95 : 
95; 

95 I 



11.30 
1.11 
1.04 
1.04 
1.25 
1.25 
1.30 
1.30 

1.:^ 



1.15 
1.15 
1.15 
1.15 
1.20 
1.20 
1.22 
1.22 
1.22 
1.22 



Date. 



Pennsylvania in 
New York market. 



Per 
gallon. 



1902. 
November . . . 
December ... 

1903. 

January 

February 

March 

April 

May 

June 

July 

August 

September . . . 

October 

November . . . 
December . . . 

1904. 

January 

February 

March 



CmU. 
4.90 
5.50 

5.75 
5.65 
5.65 
5.65 
5.45 
5.65 
5.a5 
5.65 
5.65 
5.95 
6.40 
6.40 



Per 
bairel. 



6.20 
5.95 
5.75 I 



Penn- 
sylvania 
at wells 
(pipe-line 

eertifl- 
.cates), per 
1 barrel. 



12.06 
2.31 

2.42 
2.37 
2.37 
2.37 
2.29 
2.37 
2.37 
2.37 
2.37 
2.50 
2.69 
2.69 

2.60 
2.50 
2.41 



$1.33 
1.45 

1.54 

i.f:o 

1.50 
1.50 
1.50 
1.50 
1.53 
1.56 
1.56 
1.62 
1.77 
1.87 

1.85 
1.74 
1.71 
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32196—04- 
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STRUCTURAIi, TRAXSPORTATIOX, AXD SUPPIiY FEATURES 
OF THE OIIi-FUEL. PROBI.EM GREAT BARS TO THE USE 
OF SUCH FUEIj on BOARB FIGHTING SHIPS. 

The mechanical or engineering feature of the oil fuel problem has 
been practically solved. The financial feature should not be regarded 
as of serious importance in the solution of any naval fuel problem, 
since it would be just as logical to fill the magazines of a war ship with 
an inferior quality of powder as to stow the bunkers with a poor steam- 
ing fuel. The question of cost as to fuel supply for naval purposes 
should not, therefore, receive undue consideration. 

At the present time it is the structural, transportation, and supply 
features which present the only serious difficulty to the adoption of 
the use of liquid fuel by the navies of the world. 

The transportation and supply features may be regarded as the com- 
mercial side of the problem. In regard to this phase of the question 
tlje Engineer in Chief of the Navy, in his annual report for 1902, thus 
comments: 

The commercial feature of the liquid-fuel problem relates to the question of cost 
and supply. It may be reganled as a certainty that, except wherein unusual condi- 
tions prevail, the cost of oil for marine purposes will generally be greater than that 
of coal. The cost of oil, however, is less for vessels departing from the Gulf and 
California seaports, but the rule will probably hold elsewhere. While the question 
of cost should be of secondary importance in military matters, it must be taken into 
consideration in industrial matters. It is the expense of transportation that now 
•prevents the oil from being a cheap combustible for marine purposes, but this disad- 
vantage ought to be soon removeii. While the oil may be put in the tank steamer 
very cheaply at porta like Point Sabine, its commercial value will be determine<l by 
the cost of delivery at commercial and maritime centers. This feature of the prob- 
lem is beyond the ability of the Navy to control, but it must be regarded as an 
important phase of the subject. 

In considering the matter of cost the fact should be rememberetl, however, that but 
comparatively few tank steamers are carrying oil between Point Sabine and the 
North Atlantic seaports. The expense of fitting up these vessels has been very 
heavy, due to the fact that unexpected difficulties deveio|)ed in the cost of making 
the installations. This has compelled the owners of the oil steamers to charge com- 
paratively high prices for transportation of the fuel. It can certainly be expected 
that when a large fleet of ves.sels are used for carrying oil and when terminal storage 
facilities are provided that there will be a material decrease in the price of oil in the 
leading cities on the coast. This is a very important commercial phase of the ques- 
tion, and should be carefully considered in determining the probable relative value 
of the two combustibles in the early future. 

It is undoubtedly a fact that the transportation charges per mile for oil at the pres- 
ent time are excessive compared with the freightage for coal, and this incongruity 
of expense account against oil can not continue much longer. 
394 



LIMITATIONS IN THE USE OF OIL FUEL. 395 

As regards the question of supply, it may be more expensive if not difficult to 
transport and to store oil than coal. The fumes of all petroleum compounds have 
great searching qualities, and therefore extreme precaution will have to be taken to 
guard the storage tanks. If it be true that for military purposes it is best in time of 
war to keep all reserve fuel afloat, then liquid fuel is at a disadvantage in this respect. 
The mining and railroad companies have invested so heavily in the coal industry 
and the transportation facilities have been so perfected that it is now possible to 
quickly deliver a cargo of coal at any point in the world. There has been, likewise, 
a development in the method of loading and unloading cargoes of coal. Since it will 
require progressive development to perfect the transportation and the storage of oil, 
and as the world's supply is still an unknown quantity, it will l)e some time before 
there may be a reserve supply of oil at the principal seaports. 

It must also be remembered, when considering the problem of supply, that the 
naval vessel must be kept in readiness for orders to proceed at any time to any port 
within her steaming radius. The merchant vessel steams between regular seaporte, 
where it would not be difficult to induce merchants to keep a supply of oil as soon 
as there is a regular and constant demand for it. The question of oil supply for 
battle ships and cruisers may therefore not only be a commercial affair, but prove to 
be a military problem, since the oil requirements of naval vessels for service condi- 
tions might only be met by the Government establishing oil-fuel stations. The 
military aspect of the establishment of fuel stations may prove to be a serious prob- 
lem, since it may not only necessitate heavy expenditures, but may involve the 
greater political question as to the wisdom of maintaining a complete chain of fuel 
stations between country and colony. 

The more carefully, however, the structural problem as reg^ards a 
fuel installation on a battle ship is considered, the more difficult and 
complicated appears its solution. The stomge of oil fuel on board the 
armored cruiser or battle ship, or what might be termed the struc- 
tui'al feature of the problem, is thus undoubtedly the great deterrent 
to the use of what may popularly be regarded as an incomparable fuel 
for war-ship purposes. 

In the war ship, the oil fuel will probabW have to be carried below 
the protective deck; in fact, as far below the water line as possible. 
In the merchant service the tanks often rise to the height of the main 
deck. In the war ship, however, considerable space must be found in 
the lower portions of the vessel for the stoi'age of ammimition and 
ship's equipment, thus rendering it exceedingly difficult to secure 
beneath the protective deck sufficient space for the storage of the oil 
supply. 

Crude oil is a great searcher, and unusual care wnll have to l>e 
exercised in the construction of tanks or receptacles on board war ships 
for the stowing of such fuel. Some of the resulting gases from the 
volatilization of liquid fuel are not onl}' poisonous but explosive, and 
being much heavier than air, their removal from the storage tanks 
will be a very difficult matter. 

Not only will it l>e necessary to increase the number of fuel com- 
partments if oil is substituted for coal, but greater care will have to 
be exercised in making the bulkheads tight. In order to increase 
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the safety of such vessels it would be essential to have the various 
oil compartments absolutely distinct from each other. 

In the loading and unloading of oil-carrying steamers, fires are 
always hauled from the galleys and boilers of the vessels. On board 
the war ship, where a large crew has to be housed, the putting out of 
the galley fires would subject the crew to much inconvenience. The 
modern war ship is now crowded with so many auxiliaries, that steam 
must be maintained in some of the boilers of naval vessels at all times, 
and therefore the dangers attendant upon the stowage of oil in war 
ships will be much greater than that in merchant vessels. 

It is the belief of the board that if oil fuel is ever used on board 
war ships, it will be essential to make the containing walls of the oil 
tanks much heavier than in the case of the ordinary water-tight bulk- 
head. The formation of heavy gases that will accumulate as the amount 
of liquid fuel decreases will constitute a great danger. The more 
the tanks are depleted the greater will be the danger from a possible 
explosion. The general structural arrangement of the battle ship, even 
now is of such chai'acter that the satisfactory ventilation of every 
compartment has not been secured, and particularly will such be the 
case where the fuel supply is of oil rather than of coal. 

In all probability the great bulk of the oil in the war ship would 
have to be kept in the double bottoms. As the petroleum vapore are 
quite heavy, it may be a difiicult matter to free these compartments of 
explosive gases, especially when the compartments are partly empty. 
By reason of the great number of electrical appliances in use on board 
the war ship hundreds of sparks are likely to be caused, any one of 
which might cause an explosion and set the oil fuel on fire. 

In submarine boats no effective waj* of rapidly removing the noxious 
and explosive hj'drocarbon gases from the gasoline engines has yet 
been devised, although the hulls of such boats are simple spindles with 
a large opening or conning tower in the center. Experience with gaso- 
line vapors in this class of naval construction will give some idea of 
overcoming the greater problem of removing gases from the numer- 
ous small compartments of a battle ship. The difficulty of freeing the 
compartments of the heavy and explosive gases is almost a problem 
within itself, and will require extended investigation and experiment 
before any naval power seriously considers the proposition of install- 
ing an oil-fuel system exclusively on board a war ship. 

With oil as a fuel it will be essential to provide a very complex 
installation of piping. It may be necessary to make arrangements 
whereby live steam can be admitted to each compartment for the pur- 
pose of putting out fires and also for the removal of the heavy gases. 
The condensed water resulting from this steam will have to be removed 
to prevent corrosion of bulkheads. Experience may also show the 
necessity of having a system of piping whereby the oil compartments 
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could be flooded. Exceeding care will have to be used in making all 
joints, for if any leakage should reach the bilge and if the oil should 
then rise through the flooding of the bilges to the level of the fireroom 
plates the safety of the vessel might be endangered. 

In the case of passenger and freight steamers, the vessels are of 
sufficient length to permit the main supply of oil to be carried in an 
expansion trunk or bunker extending the full width of the ship. It 
is also possible to have a cofferdam both forward and aft of this 
bunker, and thus leakage is quickly detected before such leakage has 
a chance to reach the double bottoms under the firerooms. 



TIIE SMOKK Xl^rSAXCE. 

One of the principal reasons heretofore advanced for the general 
use of oil rather than coal, as a fuel for naval purposes was the advan- 
tage that would accrue from the abolition of smoke. It seemed to be 
regarded as a matter of certainty, that with the ase of oil, complete 
combustion of the fuel could be secured before the gases reached the 
base of the funnel. Possibly three-fourths of those who advocated 
the substitution of oil for coal, as a fuel for naval purposes, had not the 
slightest doubt but that the prevention of smoke would, thereby, be as 
certain as the obliteration of refuse in the ash pan. 

There was hardly a nav^al writer who, in discussing the probable 
advance in naval construction, did not dwell upon the early prospect 
of dispensing with coal, and of the advantage that would ensue in hav- 
ing a fleet maneuver or establish a blockade, using such an incompar- 
able smokeless fuel as crude oil. There were some naval strategists 
who regarded this advantage as one of the most important advances 
that would ensue in matters pertaining to naval engineering during 
the coming decade. 

Where the oil used has passed through several stages of refilling, 
and wherever a limited amount of oil is burnt in an exceedingly regu- 
lar and uniform manner, then where an adequate and regular supply 
of air requisite for combustion is furnished, no smoke need appear. 
The ordinary household lamp may be regarded as an appliance for 
burning oil wherein all these necessary chemical and natural condi- 
tions are fulfilled. 

On shore it is possible to approximate to many of the necessary 
conditions essential for securing complete combustion in the burning 
of oil, for in the installation of a land boiler there are but few limita- 
tions as to weight, floor space, or height. In arranging a battery of 
land boilers there can be effected such an installation that the manage- 
ment of the firing can be absolutely controlled by some intelligent and 
competent water tender. The height of the stack need only be limited 
by the judgment of the engineer who dcvsigned the plant. And yet 
on shore the burning of oil, as fuel, in large quantities has been carried 
on only with extreme difficulty as regards smoke, particularly when 
there has been an attempt made to force the fires. 

An examination of the remarks made in connection with the differ- 
ent oil-fuel tests of the board will show that whenever an attempt was 
made, under severe forced-draft conditions, to secure an exceeding 
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large evaporative capacity, the smoke nuisance was encountered. B}^ 
hn arrangement of mirrors, the condition of affairs as regards smoke, 
at the top of the stack, was always under observation by the water 
tender; and the ability to make such observation was of inestimable 
benefit in calling attention to the condition, and thus leading to a 
readjustment of burners to secure a reduction of the smoke nuisance. 

Careful and long-continued observations upon the question of pre- 
venting smoke, convinced the board that with the use of water-tube 
boilers, as compared with the fire-tube boilers, the diflBculty of effecting 
complete combustion before the gases reached the base of the stac-k 
had enormously increased. The result of investigating the smoke 
problem, only confirms the following opinion, formed by the study of 
the question of the efficiency of water-tube boilers, and that is that the 
weakness of the modern w^ater-tube boiler lies in its inefficient s} stem 
of baffling. This baffling is of such a nature, that it is almost impossi- 
ble, under heavy forced-draft conditions, for complete combustion to be 
effected within the proper places, or for low stack temperature to be 
secured. 

The burning of 40 pounds of coal per square foot of grate, or 25 
pounds of oil per square foot of sectional furnace area, should be 
demanded in boilers of the modern battle ship. The great cost of 
these war ships, approximating over $7,500,000, combined with the 
fact that these vessels are primarily built for the day of battle, makes 
it absolutely necessary, that the boilers should be capable of severe 
forcing. It is also essential that their endurance under varied condi- 
tions should continue for at least six years after commissioning. The 
abolition of the smoke nuisance, when either coal or oil is used as a 
fuel, or when the consumption is forced beyond 40 pounds of coal per 
square foot of gmte, or an equivalent consumption of oil; will probably 
never bo accomplished for extended work, until more space is given 
for the installation of boilers and fewer limitations are placed upon 
the weight and height of these appliances. The firerooms of the 
present battle ship are so crowded with auxiliaries, and these auxiliaries 
are expected to serve so many purposes, that practically every condi- 
tion for ideal firing, as compared with the land installation of boilers 
has been obliterated. 

The existence of the smoke nuisance alone should cause naval experts 
to investigate the question, as to whether the time has now arrived; 
when a saving of weight effected by the removal of luxuries installed 
above the protective deck will not permit such space and weight thas 
gained to be assigned to an improvement of the boiler installation. 
Thus would it not be possible to secure more complete combustion of 
the fuel under forced-draft conditions? 

In the attempt to prevent the smoke nuisance on board the war ship, 
particularly where oil is used as a fuel, it should be kept in mind that 
the installing of the boilers in different compartments produces differ- 
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ent .steaming conditions in the several stokeholds, owing to the greater 
ease with which air finds its way into some compartments as compared 
with others. Every marine engineer of experience knows that by 
reason of their location certain boilers steam more freely than others. 

That there is a difference in the natural air suppl}- of the several 
fireroom compartments, is evidenced by the fact that the fireroom force 
always find when the ship is under steaming conditions, that certain 
compartments are more habitable than others. By reason of the 
structural arrangement of the ship, it will probably be found impos- 
sible for the water tenders in the various compartments to observe 
whether or not smoke is issuing from the funnel of the several boilers 
under their charge. Where several boilers discharge the products of 
combustion into one funnel, the problem is still further complicated. 
Inspection of the fiame through peepholes in the furnace front is less 
satisfactory for detecting smoke than a glance at the funnel top. In 
view of the extended experience acquired in the conduct of these oil 
tests, it can be safel}' affirmed, that in war ships fitted with protective 
decks, with an installation of water-tube boilers under forced-draft 
conditions, the smoke nuisance is likel}^ to prove more obnoxious 
with the use of oil than with the use of coal as a fuel. 

It is hopeless to expect an improvement in this respect until naval 
experts are ready to sacrifice either some of the luxuries or a small 
amount of the armor, so that the gain in weight secured thereby, will 
permit the lengthening of the ship to a degree that would not only 
permit more floor space, but allow additional weight for the installa- 
tion of the battery of boilers. A simple change in the form of the 
arch of the protective deck, might, in some cases greatly improve 
matters, since this change would permit a much desired increase of 
height for installation of boilers and also render possible the intro- 
duction of some form of economizer that might be fitted in the uptake. 

The chemistry of combustion is exceedingly simple. In order to 
secure the proper supply of air for consumption in naval boilers, there 
must be fewer limitations as to the manner in which the air supply 
shall be obtained. The openings and air passages to the stokeholds 
are too few and too small. The danger from collision has been exag- 
gerated; and if the fact were kept in mind, that for every sailor who 
lost his life from such cause there were at least two firemen who died 
from causes incident to heat prostration; the question of ventilation, 
and of air supply to the firerooms, would be regarded more in connec- 
tion with the problems of securing boiler efficiency and endurance as 
well as of mitigating the smoke nuisance. 

In connection with this matter of obliterating smoke, it should be 
stated that although the board had the advice and assistance of the 
most experienced fuel experts in the United States in devising means 
to secure complete combustion, never in the experience of many 
citizens of Washington, had such clouds of smoke been seen coming 



SMOKE NUISANCE. ' 401 

from a chimney as issued from the boiler stack of the experimental 
plant when oil tests were conducted under strong forced-draft condi- 
tions. The smoke issuing from the stack during certain forced-draft 
tests was made a matter of official complaint by the civil authorities, 
and repeated warnings were given that the naval officials who were 
responsible for creating this excessive smoke nuisance, would be sub- 
jected to the penalt}'^ imposed by statute law. 

As a matter of fact, none of the inventors of liquid-fuel appli- 
ances had ever encountered boiler conditions approximating to those 
demanded of a naval boiler in time of battle. Despite the extended 
shore experience of these experts, and the fact that an opportunity 
was given to them to improve matters, they were helpless to suggest 
a remedy. The fault could not be laid to the lack of skill of the 
crew of the U. S. S. Rodgers^ for the visiting experts gave unquali- 
fied testimony as to the competency of these men. The production 
of such smoke could not be ascribed to the special design of the 
experimental boiler, for the results secured during this extended 
series of tests show that the design is among the best of the marine 
type, whether viewed from the standpoint of economy, capacity, or 
endurance. 

The primar}^ cause of the failure to secure complete combustion was 
due to the fact that too man}'^ limiting conditions are placed ujwn the 
designers of all marine boilers. In fact, the boilers have been too 
long regarded as tanks, whose installation and operation can be effi- 
ciently conducted in extremely limited space. The more one studies 
the naval-boiler problem, the more surprised he is at the high degree 
of boiler efficiency already attained, after contemplating the limited 
facilities for operation, examination, and repair. 

The Board desires to emphasize the fact that the opinion thus 
expressed as regards the difficulty of preventing smoke issuing from 
the top of the funnel, when there is a heavy consumption of oil under 
severe forced draft conditions, applies specially to naval water tube 
boilers. These are the conditions that would prevail on board the 
war ship during the day of battle, for at such time every boiler would 
be forced to its utmost. 

The increased space allowed for the installation of boilers in ships 
of the mercantile marine ought to cause conditions to be much more 
favorable to the obliteration of smoke where there is a use of oil fuel. 
In land boilers the conditions ought to be still more favorable to the 
smokeless burning of oil fuel, particularly where the consumption of 
fuel per square foot of heating surface is not excessive. 

In brief, the smoke question will exist proportionately to the limi- 
tations which are placed upon the design and installation of boilers, 
and thus the problem of obliterating smoke in land boilers ought to 
be comparatively easy of solution in contrast to the eradication of the 
evil in boilers of naval vessels. 



GEXERAIi SCOPE AND DBTAIIiED MANAGEMENT OF EX- 
PERIMENTS OPEN TO THE INSPECTION OF TECHNICAIi 
MARINE EXPERTS. 

From the commencement of the experiments the board established 
the policy of permitting an^^one directly or indirectly interested in 
maritime or naval aflfairs to observe the conduct of the test. Hun- 
dreds of persons were requested, and many accepted the invitation, to 
witness the manner of carrying on the experiments. Scores of experts 
representing commercial, manufacturing, maritime, and naval inter- 
ests spent hours at the plant. As it was recognized that it was not 
possible to withhold for any length of time any data that others might 
have a special interest in protmring, particularly^ as the experimental 
boiler was the propert}' of a private coi'po ration, there was no attempt 
to attach either mystery or importance to the work. 

The board unreservedly arranged for the taking of all data and for 
determining the character and extent of the tests. Anyone directly 
or indirectly interested in the boiler, or in any mechanical appendage 
or auxiliary used in connection with the plant, was permitted to take 
a copy of the observed data. The only condition imposed in regard 
to the collection of information by others was that there should be no 
interference with the conduct of the experiments. 

There was not an individual associated with the tests who did not 
become exceedingly interested in the work, and all were receptive for 
any information or advice that would tend to secure important and 
reliable data. These tests ought, therefore, to stand for all time as 
evidence of the intelligence and fairness of the Navy Department in 
the conduct of official tests of appliances relating to the naval service. 
It is believed that -no more complete or exhaustive oil-fuel tests have 
ever been conducted under navnl auspices, and it is doubtful if either 
in extent or reliability they have ever been equaled by either private 
or corporate interests. 

There was but one complaint made as to the manner in which the 
tests were conducted, and that was from an inventor who, after 
having been granted two weeks to install his appliance and make 
preliminary tests, demanded additional time for experimental pur- 
poses. The rec^uest was denied, because any attempt upon the part 
of a single individual to use the experimental plant as a means of 
developing and perfecting special appliances not only subjected other 
inventors to delay and expense, but tended to abridge the scope of 
the experiments projected. It is only necessary to state in this 
special instance, that until the crew of the U. S. toi-pedo boat Badgers 
suggested details in the installation of this special burner, its inventor 
was unable to secure any substantial or satisfactory results, either as 
regards economical efficiency, or evaporative capacity. 
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NECESSITY OF RAPIDLiY AND CliOSEIiY REGUX^TING THE 
ADMISSION OF AIR REQUISITE FOR COMBUSTION. 

Where oil is used as a fuel, there should be determined, by practical 
experiment for various conditions, the size of openings in ash pits 
requisite for admitting air essential for completing combustion. In 
the use of liquid fuel there will always be a tendency to admit too 
much air, and this should }>e checked by the installation of a series of 
dampers whose opening could be closely regulated. 

Where coal is used on the grates, such fuel remains for an appre- 
ciable interval of time on the bars, and thus checks the passage of air 
from the ash pit. The bed of incandescent fuel thus limits the amount 
of air that will reach the combustion chamber. 

Where oil is used as a fuel there is no corresponding interference 
with the draft from the ash pit. On the contrary, the heating of the 
air increases the velocit}" of the current. The reduction in the time 
available for the diffusion of the particles of oil with the air undoubt- 
edly more than offsets the advantage due to the rapidity with which 
the subdivision of the oil particles is effected. 

One of the principal problems in successful oil burning will thus 
be, to impede the flow of the gases so that complete diffusion of the 
particles of oil will take place in the combustion chamber and amid 
the tubes. Such devices as bridge walls, arches, deflectors, baflles, and 
other forms of furnace construction undoubtedly check in part the flow 
of the gases. The difficulty of impeding the flow of the gases will, 
therefore, prevent the economical installation of oil burners in special 
forms of bent water-tube boilers. It is probable that oil-fuel installa- 
tions in marine water-tube boilers will be limited to those types 
which admit of extensive baffling. 

Precautions should also be taken that large volumes of air are not 
suddenly admitted to the furnace; otherwise these cold currents will 
cause soot to be deposited on the surfaces of the boiler. 

Where too much cold air is admitted above the burners, through the 
furnace front, there is a tendency to produce noise; in some cases 
there will be resulting explosions, sufficient to shake the boiler casings. 
The problem, therefore, as to the quantity of air which should be 
admitted for completing combustion, as well as the manner of admis- 
sion of this air, will have a very important effect in many ways, upon 
the satisfactory use of oil as a fuel, either for manufacturing or marine 

purposes. 
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I]STI.UENCE OF IIYGROMETRIC CONDITION OF THE ATMOS- 
PHERE A8 REGARDS EFFICIENCY AND CAPACITY. 

The oil-fuel experiments had been conducted but a short period 
before it was ol>servablo that the hygrometric state of the atmosphere 
had an important influence upon, both, evaporative efliciency, and 
evaporative capacity. 

That the humidity of the atmosphere is a determining factor as 
regards evaporative efficiency was speciall}' demonstrated during test 
No. 15, of October 4, 1902, in the log of which appears the following 
remarks: 

Thifl test was intended to be a reproduction of that of September 22, and was to 
develop a jxjssible correction to be applied to the records of September 19, 20, and 22, 
on account of the dirty condition of the boiler during thone teats (it having since 
been blown down and the tubes cleaned of soot). 

With the same air openings into the furnace as on September 22, and with almost 
exactly the same pen>entage of steam used for spraying the oil, it was impossible to 
burn more than 84 per cent of the oil bumetl then. This can be accounted for only 
by the difference in hygrometric condition on the two days, the air on this run being 
saturated. This suggests the advisability of adding the hygrometric condition of the 
atmosphere to the data recorded for each run. 

In the investigation of this matter both efficiency and capacity curves 
were plotted and compared with humidity curves for the periods 
covered by several tests. In each case the influence of humidity was 
specially noted. It is therefore reasonable to infer that when oper- 
ating a lx)iler at a given capacity the efficiency varies inversely with 
the humidity. 

The decrease of efficiency due to humidit\' can be ascribed to two 
causes — 

First. To the displacement of a certain amount of oxygen in a given 
volume of air })y the moisture of the atmosphere, thus requiring an 
excess in volume of air for completing combustion, with consequent 
loss of heat in the stack. 

Second. To the dec^reased rapidity of diffusion of the combustible 
gases with the oxygen due to the presence of the inert moisture. 

The abrupt termination of the oil tests prevented the special investi- 
gation of the influence of humidity of the atmosphere both as regards 
the evaporative efficiency and evaporative capacity of the experimental 
boiler. In making comparisons between different boilers it is thus 
essential that the hygrometric conditions of the atmosphere during the 
several tests be taken into consideration. 
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WHERE Olli 18 USED AS FUEI. THE HIGHEST CHARACTER 
OF INSTAIiliATION MUST BE EFFECTED. 

The board was strikingly impressed with the fact that it will be 
found esvsentiai where oil is used as a fuel to effect the highest char- 
acter of installation. All contemplating the use of such a fuel, should 
regard the building of storage tanks as a boilermaker's job, and not as 
a work that should be intrusted to either a cooper or a tank builder. 
The first cost of a boilermaker's job, as regards tank construction may 
seem excessive as compared with the expense of having it done by 
manufacturers of ordinary steel tanks. It is certain, however, that 
increased economy and safety will result from such an installation. 

The introduction of all burners and their necessary piping, should 
likewise be intrusted only to expert steam titters possessing consider- 
able experience and knowledge of the action of crude patroleum 
vapors. The remarkable searching and destructive power of petro- 
leum gases, will \}e evidenced to the usei*s of oil fuel, if any cheap 
installation of appliances is attempted. 

As it will be imperative to maintain an oil-fuel plant in the highest 
state of efficiency, the actual cost of upkeep of plant using oil as com- 
pared with coal will not be as economical as has been maintained. For 
a time an oil-fuel plant may be opemted by cheap labor, but the con- 
tinued employment of such men will invite disaster. 

In regard to fuel-oil storage on ocean-going steamers, an observ- 
ance of the following general iiiles will prove exceedingl}'' beneficial 
to ship owners, as well as those called upon to operate the plant. 
The board is indebted to Mr. J. B. Warner, the Pacific coast repre- 
sentative of the Hartford Steam Boiler Inspection and Insurance Com- 
pany, for valuable information in regard to the methods of successful 
installation on many steamers of the Pacific coast, and simple as the 
following rules are, they represent extended study and experience of 
many users. 

For small independent tanks, not forming part of the double bot- 
tom, and which tanks are not more than four feet in height, the shell 
plates should be of steel of good quality and heavy enough to prevent 
the seams being opened by the motion of the ship or surging of the 
oil in any weather. It is recommended that for ocean steamers the 
shell plates of these tanks be five -sixteenths of an inch in thickness 
and for inland steamers one-fourth of an inch in thickness. Where 
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tanks of greater heights are contemplated, Lloyd's or other rules as 
applicable, to water-tight bulkheading should be used. 

The seams of large cylindrical tanks should be double chain riveted, 
sheets laid close and well calked. 

It is also recommended that the rivet holes be drilled instead of 
punched. They will then be fair, and rivets can be driven to properly 
fill the holes to prevent leakage. 

In long tanks, suitable baffling or swash plates should be put in and 
securely fastened, to prevent the oil from surging. Under each small 
tank, when the tank is separate from the ship's structure, there is 
required to be a drip pan. This should be of lead weighing not less 
than 8 pounds to the square foot. 

In deep tanks, when forming part of the structural portion of the 
vessel, special attention should be given to the proper and ample pro- 
portioning of the bulkhead stiffeners. 

There should be no openings cut into the bottom, sides, or ends of 
the tanks; all inlets and outlets must be through the top. 

Reenforcing flanges should be of wrought steel and properly riveted 
to the top of the tank for filling, suction, and vent pipes. All filling 
pipes should run to the bottom of the tanks, so that when the tanks 
are filled the gas will be expelled through the vent pipes. 

The man-plate opening should be of ample size (11 by 16 inches 
may do) to facilitate getting into the tank for any pui-pose. The vent 
must have an area equal to the diameter of the tilling pipe, and should 
be carried up above the superstructure of the vessel and have a non- 
return bend on the end and covered with a tine copper-wire-gauze 
screen. 

No fuel oil is allowed to be carried in the water bottoms under the 
engine or boiler rooms on steamers. 

"Davie" safety lamps should be provided for engineers and for 
all directly employed in the tirerooms, so that if the electric-light 
plant is shut down they can be used in place of an open-flame lamp. 
The regulations of the United States Steamboat-Inspection Service 
require that for oil burning on freight vessels there shall be valves 
fitted in the connection between the supply tank and the boiler. 
With such a valve installed the flow of oil at all times can either be 
regulated or cut oflf in case it is desired to extinguish or check the 
fire. Where more than one tank is used for stowage of oil, and such 
tanks are connected for discharge of oil from one tank to another, 
arrangements must be made whereby such valves can be manipulated 
from the main deck of the steamer. 

While the number of oil-fuel installations for marine work has 
greatly increased during the past two years, increased consideration 
is being given the question of safety. It is in the direction of mak- 
ing such plants more safe rather than more economical that extended 
improvement should now be made. 
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THERMAL EFFICIENCY NOT INCREASED BY THE USE OF STEAM. 

There is a widespread misconception regarding the part that the 
steam which is used for atomizing purposes play.s in effecting com- 
bustion. It is supposed by many, that after atomizing the oil, the 
steam is decomposed and that the h3'drogen and carbon are again 
united, thus producing heat and adding to the heat value of the fuel. 
While it mfiy be true that the presence of steam nmy change the char- 
acter and sequence of the chemical reaction and result in the produc- 
tion of a higher temperature at some part of the flame, such an 
advantage will be oflFset by lower temperatures elsewhere between 
the grate and the base of the stack. All steam that enters the fur- 
nace will, if combustion is complete, pass up the stack as steam, also 
carrying with it a certain quantity of waste heat. The amount of this 
waste heat will depend upon the amount of steam and its temperature 
at entrance of the furnace. The quantity of available heat, measured 
in thermal units, is undoubtedly diminished by the introduction of 
steam. In an efficient boiler it is quantity of heat rather than 
intensity that is wanted. For many manufacturing purposes inten- 
sity of heat may be of primary importance, but in a marine steam 
generator a local intense heat is objectionable on other grounds than 
those of economy, viz, its liability to cause leaki^ tubes and seams 
from the unequal expansion of heating surfaces. 

NAVAL RESEARCH SHOULD BE CONDUCTED ENTIRELY BY PERSONS 

WITHIN THE NAVY. 

The board desires to state that such experiments can not be con- 
ducted to the best interest of the service without the aid of a navy 
crew of firemen and observers. It is essential that the board should 
be able to call upon such crew for either day or night work. While 
most of the official tests were onlj^ of eight hours' dui'ation, it required 
several hours to warm up the boiler and get things in good running 
shape. Then it requires one or two hours after the completion of the 
test to secure the plant and guard against fire. 

A civilian ci'ew will only work eight hours, and then at stated inter- 
vals. They demand extra compensation for overtime, and it ih no eas}'^ 
matter to get them to stand up to forced-draft conditions, particularlj'^ 
when the higher air pressures are used. A crew of firemen that is 
changed from day to day, and who are apprehensive of their personal 
safety when forced-draft trials are made, can not be interested in the 
work. The experiences of the Oil City Ik)iler Works for over a year 
in the conduct of the coal experiments show excessive trouble, anno}'- 
ance, expense, and delay arising from attempting to use such employees 
in experimental research. 
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The experimental crew must be under military control and disci- 
pline, and this can only be secured by having some vessel of the 
Navy, regularly in commission, assigned to duty in connection with 
an experimental board. 

The data submitted will best tell the work done during the past two 
years, b}^ the complement forming the testing'staff. Which work and 
results were at all times carefully supervised by the personnel of the 
board, every member of which had other duties to perform as an 
official of the Bureau of Steam Engineering. In the collection of such 
data it is the character and quality rather than the quantity which 
the engineering world desires. 



THE WORIiD'S REI/ATTVB PRODUCTION OF COAIi AND 
CRUDE PETROIiBUM. 

A careful study of the latest reports of the United States Geological 
Survey, will show the relatively small production throughout the 
world, of crude petroleum as compared with coal. It is exceedingly 
important to note likewise that, judged from a naval standpoint, the 
distribution of the coal beds is much more extensive, and therefore 
much more advantageously located than that of the oil fields. This 
distribution of the world's fuel supply should be given special consid- 
eration in the study of the military phase of the oil-fuel problem. 

When it is considered that crude petroleum is extensively used in 
the arts and sciences, as well as for lubricating and illuminating pur- 
poses, it is probable that less than one-half of the world's production 
of crude petroleum is available for fuel. Regarding 3 to 3i barrels 
of oil as the equivalent of 1 ton of coal, it will be obsei-ved, from a 
comparison of the following tables, that less than three per cent of the 
worW s production of fuel can possibly be secured from the use of crude 
petroleum. 

Independent of the question of cost, the use of oil as fuel for either 
manufacturing, maritime, or naval purposes must therefore for a time 
be considered as limited, by reason of the shortness of supply. 

While Eussia produces about 44 per cent of the world's output of 
petroleum, her oil fields are not located advantageously for use, either 
by her navy, or by foreign commerce. From a military standpoint, 
the United States, which produces 48 per cent of the world's output, 
is the only naval power which could hope to utilize to any great extent 
this incomparable fuel for naval and maritime purposes. This is 
because the Texas and California oil fields are within comparatively 
short distances of greal maritime poi-ts and possible scenes of naval 
operations. 



In the following table, prepared by the United States Geological 
Survey, is given the coal production of the principal countries, for the 
years nearest the one under review, for which figures could be 
obtained. For the sake of convenience the quantities are expressed 
ill the unit of measurement adopted in each country, and reduced for 
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comparison to short tons of 2,0<)0 pounds, 
named for which the production is given: 



In each case the vear is 



Country and usual unit. 



United States (1902) long Iohh. 

Great Britain (1902) <lo... 

Germany (1902) metric toni«. 

Austria-Hungary (1901 ) do. . . 

France (1902) do. . . 

Belgium (1901) do... 

Russia ( 1901 ) do . . . 

Canada (1902) short tons. 

Mexico ( 1902) metric tons. 

Japan (1900) do... 

India (1902) long tons. 

New South Wales (1902) do... 

Spain (1901 ) metric tons. 

New Zealand ( 1901) long tons. 

Sweden (1902) metric tons. 

Italy. (1901) do... 

Hollanfl (1900) do... 

South African Republic ( 1901 ) long tons. 

Queensland (1901) do... 

Victoria (1901) do... 

Natal (1902) do... 

Cape Colony (1900) do... 

Tasmania (1900) do... 

Other countries <i do. . . 



Quantity. 



269, 277, 178 

277,095,042 

150,436,810 

41,202,902 

30,196,994 

22,213,410 

16, 269, 800 

7,639,225 

709,654 

7,429,457 

7,433,972 

5,942,011 

2, 747, 724 

1,227,638 

304,733 

425,614 

320,226 

671,532 

539,472 

209,329 

592,821 

198,451 

43,010 

2,000,000 



Total 

Percentage of the United States 



£quivalen ; 

In short tons of 

2,000 pounds. 



301,690,439 

310,346,447 

ia5, 826, 496 

45,417,959 

33, 286. 146 

24,485,842 

17,934,201 

7,639,225 

782,251 

8,187,262 

8,326,049 

6,655,052 

3,027,992 

1,374,955 

336,907 

469, 154 

352,888 

752,116 

604,209 

234,448 

663,960 

222,265 

48, 171 

2,240,000 



940,803,434 
32 



(ilncludeHChina, Turkey, Servia, Portugal, United States of Colombia, Chile, Borneo and Lubuan. 
Peru, (ireece, etc. 



WORIiD'S PRODUCTION OF CRUDE PETROJjEUM. 



The following table gives the production, approximatel3% of crude 
petroleum in all of the known countries of the world, together with 
the percentages of each for 1901 and 1902, in terms of United States 
barrels, at 42 gallons per barrel of 231 cubic inches per gallon. A 
small estimated quantity has been placed under the head of ''all other 
countries." This quantity includes a primitive production in sevei^al 
of the South American States, Algeria in Africa, Persia, the Philip- 
pines, and China, from which no returns could be secured. 

The total increase in 1902 amounted to almost 12 per cent as com- 
pared with 1901 and to almost 25 per cent as compared with 1900. 
The most conspicuous items in the list are the increase in the produc- 
tion of the United States and the decrease in the production of Russia, 
the United States, for the first time in five years, surpassing Russia in 
production by 8,226,871 barrels. The United States and Russia pro- 
duced, in 1902, 91.44 per cent of the total output as compared with 
93.22 per cent in 1901 and with 94.11 per cent in 1900. Of the 
remaining 8.56 per cent, Sumatra, Java, Borneo, Galicia, and Rouma- 
nia, which furnished only 4.65 per cent in 1901, furnished 6.52 per 
cent in 1902, leaving 2.04 per cent of the total as the output of all 
the other producing countries. 

World' ft production of crude petroleum in 1901 and 1902, « 



1901. 



Country. 



States gallons. 



of total. 



United States 

Canada 

Peru 

Russia 

Galicia 

Sumatra, Java, and Borneo 

Roumania 

India 

Japan 

Germany 

Italy 

All other countries 

Total 



69, 389, 194 

572,500 

72, 261 

85, 168, 556 

3,251,544 

3,038,700 

1, 406, 160 

1, 430, 716 

1,100,000 

313,630 

10,100 

20,000 



1902. 



Quantity in bar- 
rels of 42 United 
States gallons. 



41.84 
.35 
.04 

51.38 
1.96 

1.84 ! 

I 
.85 I 

.86 I 

.67 

.19 

.02 



165,773,361 , 100.00 



88,766,916 

520,000 

60,000 

80, 540, 045 

4, 142, 160 

5, 860, 000 

2,059,930 

1,617,363 

1,193,000 

353, 675 

12,000 

26,000 



Percentage 
of total. 



47.94 

.28 

.03 

43.50 

2.24 

3.17 

1.11 

.87 

.64 

.20 

.02 



185,151,089 



100.00 



a Report United States Geological Survey. 
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PRODUCTION OF CRUDE PETROLEUM IN UNITED STATES FROM 1859 TO 

1902, INCLUSIVE. 

In the following table will he found a statement of the production of 
crude petroleum in the United States from the beginning of produc- 
tion, marked by the drilling of the Colonel Drake well in 1859, up to and 
including the production of 1902, the table being by years and States. 

Production of crude petroleum in the Uniied States, 1S59-1902, by years and by Staten. 

[Barrels of 42 gallons.] 



Year. 


Pennsylva- 
nia and 
New York. 


1H.>9 


2,000 


I860 


500,000 


1861 


2,113,609 


1862 


3,066,600 


1863 


2,611,909 


1864 


2,116,109 


1866 


2,497,700 


1866 


8,607,700 


1867 


8,347,900 


1868 


8,646,117 


1869 


4,216,000 


1870 


6,260,746 ' 


1871 


6,206,284 


1872 


6,298.194 


1878 


9,898,786 


1874 


10,926,946 


1876 


8,787,614 


1876 


8,968,906 


1877 


18,136,476 


1878 


16, 163, 462 


1879 


19,686,176 j 


1880 


26,027,631 ' 


1881 


27,376,609 


1882 


30,058,600 


1883 


28,128,889 1 


1884 


28,772,209 


1885 , 


20,776,041 , 


1886 


26,796,000 


1887 


22.366,198 


1888 


16,488,668 


1889 


21,487,436 


1890 


28,468,208 


1891 


33,009,236 


1892 


28,422.877 | 


1893 


20,314,618 


1894 


19.019,990 


189l> 


19,144,390 


1896 


20,584,421 


1897 


19,262,066 


1898 


15,948,464 


1899 


14,374,512 


1900 


14,569,127 


1901 


13,831,996 


1902 


13,183,610 


Total 


628.401.4.V. 



Ohio. 



West Vir- 
ginla. 



■ Kentucky 
California, and Ten- 



Colorado. Indiana. 



0200,000 

81.763 

29,888 

88,179 

29,112 

38,910 

88,867 

89,761 

47,682 

90,061 

661,680 

1,782,970 

6,022,682 

10,010,868 

12,471,466 

16,124,656 

17,740,301 

16,362.921 

16,249,769 

16,792.154 

19,646,283 

23,941,169 

21,560,515 

18, 738, 708 

21, 142, 108 

22,362,730 

21,648,083 

21,014,231 



a8, 000, 000 
120,000 , 
172,000 
180,000 
180,000 
179,000 . 
161,000 I 
128,000 ' 
126,000 ! 
90,000 
91,000 
102,000 , 
146,000 I 
119.448 
644.113 
492,678 ' 
2,406,218 
3,810,066 I 
8.446,412 
8.577.624 
8.120,125 
10,019,770 
13,090,045 
13,615,101 ■ 
13.910.630 
16,195,675 
14, 177. 12ti I 
13,513,:M5 



a 176, 000 
12,000 ' 
13,000 j 
16,227 I 
19,858 
40,662 I 
99.862 I 
128,636 
142,867 
262,000 
326,000 
377.146 
678,572 
690,333 
303,220 
307.360 
823,600 ' 
385.049 
470. 179 
706,969 
1,208.482 I 
1,282,777 ■ 
1,908,411 ' 
2,257,207 
2.642,095 
4,324,484 
8,786.330 
13,9M,268 ' 



M60,9S3 
4,755 
4.148 
6,164 
4,726 
4,791 
6,096 
6,400 
6,000 
9,000 
6,500 
3,000 
1.500 
1,500 
1.680 
322 
5,5<W 
18.280 
62.259 
137,259 
185,331 



76,296 
297,612 ' 
316,476 
368,842 
666,482 
824,000 I 
694,390 
515,740 ! 
438.232 
361,460 ; 
384,934 
444.383 ; 
890.278 
817,385 I 



2S;^, 751, 317 131,701.296 41.834,473 633,212 



460,620 
396,901 



33,375 

68,496 

136,634 

698,068 

2,336,293 

3,688,666 

4,386.132 

4.680.732 

4,122.356 

3,730,907 

3,848,182 

4.874.892 

5,767.086 

7,480.896 



6,852.926 46.836.216 



alnolades all pro<luctIon prior to 1876. 

t> Includes all petroleum produced in Kentucky and Tennessee prior to 1883. 



OIL OUTPUT. 
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Production of crude petroleum in the United States, 1869-1902^ etc. — Continued. 



Year. 


Illinois. 


Kansas. 


Texai«. 


Mi880Uri. 


Indian 
Terri- 
tory. 


Wyo- 
ming. 


Louisi- United 
ana. States. 


1869 








1 






, 2,000 

500.000 

2,113,609 

' «3, 056,690 

2,611,309 

2,116,109 

1 2,497,700 

3. 597.700 

i 8.347,300 

3,646,117 

1 4,216,000 

5,260,745 

I 5,205,234 

6,293,194 

9.893,786 

10,926,945 

612,162,614 

9,132,669 

13,350,363 

15,396,868 

19,914.146 

' 26,286,123 

27,661.238 

30,510,830 

23.449,633 

' 24,218,438 

21,858.785 

28,064,841 

28,283,483 

27,612,025 

35,163.513 

45,823.672 

54,292,655 

50,509,657 

48,431,066 

49,344,516 

52,892,276 

c 60, 960, 361 

60.475, 516 

c 55, 364, 283 

c 67, 070, 850 

63,620,629 

69,389,194 

88,766,916 


1860 








1 






1861 








1 






1862 














1863 








1..! 






1864 














1866 








1 






1866 














1867 














1868 














1869 




1 








1870 




1 








1871 




i 










1872 




1 










1878 






I 









1874 
















1876 
















1876 










I 




1877 














1878 














1879 










1 




1880 










1 




1881 












1882 




" "1 


1 i 




1883 




! 






1884 






1 




1885 






j 


1886 






' 


1887 ! 




1 


1888 




1 




1889 


1,460 
900 
675 
521 
400 
300 
200 
250 
500 
360 
360 
200 


500 
1,200 
1,400 


48 
54 
54 
46 


20 




i 


1890 


278 
25 
10 






1891... 


30 


' 


1892 


m 




1893 


18,000 
40,000 
44,430 
113, 571 
81,098 
71,980 
69,700 
74,714 
179,151 
381.749 


50 ; 50 1 10 
60 8 i ISO 


1894 




2.369 




1895 


50 

1,450 

65,976 

546,070 

669,013 

836,039 

4,393,658 

18,083,658 


10 1 37 j 3,465 
43 170 2.878 




1896 




1897 


19 

10 

bl32 

dl,602 

«2,835 

«857 


625 3.650 




1898 




5,475 
5,560 




1899 






1900 


6,472 
10,000 
37,000 


5,450 
5,400 
6,253 




1901 2S0 




1902 


200 


548,617 


Total.... 


6,576 


1,027,493 


24,596,224 


5,399 


54,564 


40,490 


548,617 


1.165,290,248 



a In addition to this quantity it is estimated that for want of a market some 10.000,000 barrels ran 
to waste in and prior to 1862 in the Pennsylvania fields; also a large quantity in West Virginia and 
Tennessee. 

b Includes all production prior to 1876 in Ohio. West Virginia, and California. 

<*In addition to this quantity, 4.S26 barrels of crude oil were produced in Kentucky and Tennessee 
in 1896. 4.377 barrels in 1897, 19.125 barrels in 1898. and 13,578 barrels in 1899. for which, as none was 
sold or used, no value could be given. 

(< Includes the production of Michigan. 

e Includes production of Michigan and small production in Oklahoma Territory. 
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The total output of crude petroleum since it was first discovered in 
quantity, in 1851), by Colonel Drake, on the waters of Oil Creek, near 
Titusville, Pa., to the end of 1902, amounted to 1,165,290,248 barrels. 
Allowing 5.6 cubic feet for 1 barrel, thi;* quantity of petroleum would 
occupy 6,525,625,389 cubic feet of space, which would require a cube 
l,868i feet on each side to contain it. It would till a tank whose base 
is one mile square to a height of 234 feet. It would likewise fill 
38,843 tanks containing 30,000 barrels each. Allowing 90 feet for the 
diameter of tanks of this size, if they were placed so that their sides 
would touch, they would reach a distance of 662 miles; or again, if 2i 
feet be allowed for the height of a barrel, and if these barrels, filled 
with all the domestic oil that has been produced, were laid so that their 
heads would touch, they would encircle the earth 2.28 times. If we 
estimate 3i barrels of petroleum as equal to 1 ton of average coal, we 
have a fuel equivalent represented by 332,940,071 tons of coal. 

Of the grand total of the crude petroleum produced in the United 
States from the beginning, in 1859, to the end of 1902, Pennsylvania 
and New York produced 53.9 per cent; Ohio, 24.3 per cent; West 
Virginia, 11.3 per cent; Indiana, 3.9 per cent; California, 3.6 percent; 
Texas, 2.1 per cent; leaving 0.9 per cent to be supplied by the States 
of Kansas, Colorado, Louisiana, Illinois, Missouri, Indian Territory, 
Wyoming, Michigan, and Oklahoma Territory. 

PRODUCTION AND VAJATE.a 

PRODUCTION BY STATES AND FIELDS. 

In the following table is given a statement of the total quantity, and 
the total value, of all crude petroleum produced in the United States 
in 1901 and 1902, by States and important districts: 

TotcU quantity and value of crude petroleum produced in the United States and average 
price per barrel in 1901 and 190£. 



Slate and dlRtiiot. 



Quantity. 



Barrett. 

California 8,786,380 

Colorado 460,520 

Illinois 250 

Indiana 6,767,086 

Indian Territory ' 10,000 

Kan«a8 179,151 



Kentucky and Tennessee . 

Louisiana 

Michigan ....* 

Missouri 

Oklahoma Territory 

New York 



I 



187,259 



2,336 



1.206,618 



Value. 



Average 

price per 

barrel. 



S4, 974, 640 I 90.666 

461.031 1.00 

1,260 

4,822,826 

7,126 

164,373 

111,627 



1902. 



Quantity. 



6.00 
.8877 
.7126 
.862 
.818 



2,600 1.1136 
1,460,008 ' 1.21 



Value. 



Barrels. 

13,984,268 

396,901 

200 

7,480,896 

37,000 

881,749 

185,381 i 

648,617 

857 

1,119,730 



K 873, 617 

484,683 

1,000 

6,626,622 

32,190 

292,464 

141,044 

188.985 

1.816 

1,530,862 



Average 
price per 
barrel. 



90.348 
1.22 
6.00 
.872 
.87 
.88 
.76 
.344 

2.12 

1.867 



a Report United States Geological Survey. 
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Total quantity and value of crude petroleum produced in the United Stales, e(c.— ^Cont'd. 





Quantity. 


1901. 


Average 

price per 

barrel. 




1902. 




state and district. 


Value. 


Quantity. 


Value. 

6,471,821 

14,284,072 

1,466 


Average 

price per 

barrel. 


Ohio: 

EaKtern and .southern 

Lima 

Mecca- Belden 


Barrels. 
5,470,8.10 
16,176,293 
»I0 


6,619,342 

13.911,612 

2,617 


1.21 

.86 

2.78 


BarreU. 
5,136.866 
15,877,730 
135 


1.26 

.899 

10.86 






Total 


21,648,083 


20,533,571 


.948 


21,014,231 


20,767,369 


.988 






Pennsylvania: 

Franlclin .• 


56,162 

12,568,806 

1,410 


220,648 

15,208,255 

1,706 


4.00 
1.21 
1.21 


50,555 

12,012,126 

1,200 


199,432 

15,064,861 

1,800 


3.945 


Pennsylvania 


1.254 


Smiths Ferrv 


1.50 






Total 


12,625,378 


15,430,609 


1.222 


12,068.880 


15.266.093 


1.265 






Texas 


4,893,658 

14,164,662 
1 a 12, 464 


1,247,861 

17,139,241 
33,483 


.284 

1.21 
2.687 


18,088,658 

13,498,685 
a 14, 600 


3,998,097 

17,006,469 
88,848 


.2211 


West Virginia: 

West Virginia 


1.26— 


Petroleum 




Volcano 


2.309 






Total 


14,177,126 


17,172,724 


1.211 


13,518,345 


17,040,817 


1.261 






Wyoming 


5,400 


37,800 


7.00 


6,258 


48,771 


7.00 






Grand total 


69.389,194 


66,417,335 


. .957+ 


e>88,766,9l6 


71,178,910 


.8019 







./Production of light oil in Petroleum included with West Virginia's production. 
1 Production of light oil in Volcano included witli West Virginia's production. 

<> In addition to this quantity, 76.538 barrels were produced in Kentucky,, valued at t41,863; 489 
barrels in Missouri, valued at 9^2, and 431,359 barrels in Texas, valued at S176,684, which were tanked 
and unsold by the producing companies. The total quantity produced but not sold In 1902 was 
506,886 barrels, valued at $218,829: the total production in 1902, marketed and unmarketed, was there- 
fore 89,276,802 barrels, valued at 171,397,739. 

Production of crude oil in California for 190S. 
[Reported by the Califoniia Petroleum Miners' Association.] 



District. 



FuUerton 

Puente 

Whittier 

Los Angeles 

Newhall and Ventura 

Summerland 

Santa Maria 

Kern River 

Sunset and Midway . . 

McKittrick 

Coalinga 

Sargenta 

Halfmoon Bay 

Total 



Production. 



Barrels. 

250,000 

100,000 

50,000 

900,000 

900,000 

100,000 

1,000,000 

15,750,000 

250,000 

1,700,000 

2,600,000 

1,000 

1,000 



23,602,000 
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THE OIL PRODUCTION OF THE UNITED STATES AVAILABLE FOR FUEL 

PURPOSES. 

Careful consideration has been given the question as to the supply 
of crude petroleum in the United States available for fuel purposes. 
This matter has been specially investigated by Prof. Arthur L. 
Williston, of the Pratt Institute, Brooklyn, N. Y., who reports as 
follows: 

The supply of oil which is available for fuel in the United States, therefore, is, 
first, the small percentage (probably not over 2 or 3 per cent) of the total produc- 
tion of the Pennsylvania and Ohio oil — the residuum from the process of refining; 
second, crude oil from the Ohio and Indiana fields, wherever the price of coal 
makes the burning of oil at 95 cents or |1 per barrel (plus freight) profitable; third, 
those portions of the California oil which are not best suited for refining; fourth, 
practically the entire output of the Texas field. 

The demands for the better grades of oil for refining purposes will 
probably keep pace with its production; consequently we can never 
expect to see such grades of oil compete with coal to any large extent 

On the other hand, the refining value of the Texas oil and much of 
the California oil is so low that its value will probably always be 
largely controlled by the demand for it for fuel purposes. It is 
inconceivable that a fuel which has so many distinct advantages, and 
which is not unlimited in its supply, should sell in all markets at a 
price which would make it cheaper to burn than coal. Any great 
demand for such a fuel would bring its price up at once. 

On the other hand, so long as there is an assured supply of Texas 
and California fuel oil, the price of such oil that has little intrinsic value 
for refining, will probably remain low enough to enable it to compete 
successfully with coal, in those regions where coal is scarce in quantity 
and poor in qualit}"^. And the area in which this condition exists is 
suflSciently wide to create a demand for the fuel oil that will soon equal 
the supply, unless further stores of oil are found as the demand for it 
increases. 

The fact should be remembered that in every oil region there is 
with each succeeding year a progressive proportionate increase in the 
percentage of the yield consumed for illuminating purposes. 



BCONOMICAIi ADVANTAGES OF AN OIT.-FUEIi INSTAIi- 

liATION. 

The relative evaporative efficiency of oil and coal as a fuel, as deter- 
mined by this extended series of comparative experiments, is practi- 
cally in the proportion of 15 to 10. The actual superiority of oil will 
be considerably greater, for in the coal experiments unusual skill was 
exercised in the management of the fires. Lump coal of superior 
quality was used; and as the tests with coal were of comparatively 
short duration, the resulting loss from cleaning fires was much less 
than would occur in actual service. The oil experiments, however, 
were carried on under conditions that more closely approximated those 
that could be secured on board the seagoing vessel. The actual evapo- 
rative efficiency of a pound of oil as compared with a pound of coal 
will therefore be in the ratio of 17 to 10, and these figures can be 
regarded as substantially correct. 

It will be found, practically, that the thermal efficiency of a pound 
of oil is the same whether the oil be crude or refined. While the 
crude oils contain sulphur and other chemical elements that are low. in 
thermal efficiency, they contain substances that are particularly rich 
in hydrogen. In the process of distillation not only the sulphur 
but the rich hydrocarbons are lost, and it can thus be expected 
that in the commercial burning of oil as a fuel, the evaporative effi- 
ciency of the same weight of oil fuel from every field or district will 
be practically the same. 

From the standpoint of volume, therefore, it will be found that the 
highest evaporative results ought to be secured from the heaviest oil. 
As oil is sold by the gallon, and therefore by volume, the California 
product, from the fuel standp)oint, ought thus to have an advantage 
over the yield from other fields. For some time, however, it can be 
expected that extra trouble and expense will be incurred in efficienth' 
and uniformly burning heavy oils. There is not likeW to be an}' actual 
advantage, therefore, from the use of heavy oils as viewed from the 
standpoint of weight of fuel. 

Special experiments should be conducted to determine the best means 
of burning the heaviest of oils. The first distillation, however mild, is 
of great advantage in adapting crude petroleum as a fuel, since such 
slight refining not only reduces the explosive qualities of the oil, but 
materially decreases any liability of the oil to affect bunker or boiler 
plates injuriously. The solution of the problems of cost, as well as of 
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trans\)ortation, will likewise be greatly aided by effecting this refining 
as close as possible to the wells. It would certainly seem that the 
refinei'y should not be placed beyond the end of the pipe line or ter- 
minal marine shipping point. 

In noting the comparative economical efficienc}', for naval purposes, 
of oil and coal, there must also be taken into consideration the fact 
that a ton of oil can be stowed in somewhat less space than a ton of 
bituminous coal. Then, again, it must be considered that in the carry- 
ing of oil the compartments can be more completely filled. The rela- 
tive efficiency of oil and good steaming coal from the naval standpoint 
of fuel suppl}' in war ships maj'^ thus be regarded as in the ratio of 18 
to 10. 

The board is therefore of the opinion, after special investigation 
of the comparative merits of coal and oil that, in regard to the evap- 
orative efficiency, a long ton of the best qualit}' of coal, such as Cardiff 
or Pocahontas coal, is equivalent to four and one-half barrels of oil; 
and that, in a long ton of an inferior quality of coal, the evaporative 
effect will be that obtained from only three to three and a half barrels of 
oil. This comparison is based upon the assumption that, until greater 
volume is permissible for the installation of nav^al boilers, it will not 
be possible to secure, in actual naval practice, an evaporation from and 
at 212^ F. of over 14 pounds of water per pound of oil fuel. Increased 
efficiency, however, may be secured by heating the air requisite for 
combustion, as in the Howden or some similar system, whereby the 
heat of the escaping gases is utilized for raising the temperature of 
the entering air requisite for combustion. 



THE EFFICIEXCY AND ENBCJRANCE OF THE HOHENSTEIN 

BOII.ER. 

The experimental boiler on which the extended series of coal and oil 
tests were made, was under the special observation of the board for 
a continuous period of twenty -seven months. During that time it was 
probably subjected to as severe usage as was ever applied to a marine 
water-tube boiler. 

Eighty-six official tests were made — sixty-nine with oil and seven- 
teen with coal. The first official coal test was made April 23, 1901, and 
the last oil test June 17, 1903. There were conducted at least another 
hundred, short preliminary, or unofficial trials. During some of the 
unofficial tests the boiler was subjected to irregular and unusual service, 
and therefore the general work to which it was submitted probabh' 
represents every practical condition under which a shore boiler would 
be operated. When the tests were completed, after twenty-seven 
months of experimentation the boiler had been subjected to more 
forced-draft pressure, exceeding 1 ijich of water, than had been sus- 
tained by all the straight water-tube boilers in actual use in the 
American Navy during that period. 

There is no doubt that, by reason of the design and size of the down- 
casts, the circulation of the water in this boiler is exceedingly uniform 
and certain under the severest of forced-draft conditions. 

At the conclusion of the extended series of tests, every part of the 
boiler was carefully and critically examined by members of the 
board. Beyond the sweating of a calked seam, in the end of one of the 
mud drums, no leak was detected in the boiler. Portions of the lin- 
ings of the casings were considerably burnt. There was no evidence 
that any of the tubes had sprung or buckled, and the baffling was 
found intact. 

For feed purposes the ordinary muddy water of the Potomac had 
been used. There was seldom a week, during the two and one-half 
years, that the boiler was under trial, when at least one test was ^lot 
made, and at no time was any owner of an oil burner required or per- 
mitted to delay a test on account of the condition of the water in the 
river. 

At the end of the experiments the interior of the tubes was found 
coated with a very hard deposit of scale, strongly resembling cement 
paint in appearance and thickness. One large and one small tube 
were cut out and put upon a planer and cut in halves lengthwise to 
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note whether there had been any grooving or corrosion. These tubes 
were selected from ix)rtions of the boiler, where it was presumed that 
the circulation was the poorest, and where the worst results could be 
expected. There was absolutely no evidence that there had been any 
appreciable change of appearance, of either exterior or interior sur- 
faces, either from corrosion or from the impact of the flow of the gases 
of combustion. 

There was no indication of grease; but this may be accounted for 
by reason of the fact that the steam generated was exhausted into the 
atmosphere and that the feed water was free of oil, except that con- 
tained in the river supply. 

The appearance of the drums and the tubes conclusively showed 
that there had not only been an efficient, but a very certain circulation. 
This was undoubtedly due, in great part, to the large sectional area 
of downcast tubes. As tersely and epigrammatically expressed by 
Rear- Admiral Melville, the design and construction of the downcast 
tubes caused ''A Miagnra of supply to the lower drum and large lower 
tubes," thus absolutely insuring circulation. 

There were numerous instances, as noted in the remarks of the log 
of each daily test, where the boiler was subjected to what must be 
regarded as extremely serious risk, and it was by reason of the fact 
that the boiler was of excellent design and construction that neither 
danger nor disablement resulted to any portion of the structure. 
The feed-water supply failed, through no fault of the boiler, for brief 
periods, during quite a number of the tests. Special attention is 
called to the incidents of January 11, 1902, October 25, 1902, and 
January 5, 1903, wherein will be evidenced the fact that the boiler is 
not a tender appliance, but one suitable for naval purp)oses. 

Particular attention is called to the data in relation to the efficiency 
and capacity of the boiler. Estimating the horsepower upon a basis 
of 16 pounds of water evaporated per hour, the capacity results 
varied from about 600 to 1,938 horsep)ower. There was practically 
but little loss of efficiency when increasing the a^h-pit pressure from 
natural draft to a pressure of 1 inch, for at the latter pressure an 
efficiency of over 70 p'v?r cent was obtained. When forced-di-aft pres- 
sures of 2 and 3 inches were used in the firerooms, the efficiency fell 
to 60 per cent. When using 3i-inch pressures in the firerooms, and 
developing 2f times the rated power of the boiler, the efficiency fell 
to 53 per cent. It was only when an absolutel}'^ inadequate number of 
burners were installed by one inventor, thus preventing a desirable 
stack temperature being secured, that the boiler showed the mini- 
mum efficiency of 49.23 per cent. It is exceedingly doubtful if, under 
maximum forced-draft conditions, greater evaporative capacity results 
have ever been secured, in a naval boiler, with so little loss of efficiency 
as was obtained during some of these capacity tests. 
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By reason of its efficiency, endurance, and evaporative capacit}', this 
design of boiler should eventually become one of approved type for 
marine purposes. Its capacity to endure severe forced-draft condi- 
tions has been conclusively established, particular!}' for installation in 
vessels where there are not exacting limitations as to height. The 
board believes, however, that high evaporative efficiency can not be 
expected from any installation of straight water-tube boilers where 
there are all manner of weight and space restrictions. The high 
opinion of this boiler is thus recorded after two and a half years' 
careful observation, during which period there should have developed 
any inherent weakness either as regards design or construction. 

The boiler is well adapted for installation in high-powered 
armored cruisers and battle ships, and in all marine installations where 
there are no severe restrictions as to height. It is thus suitable for 
naval purposes whether considered from any of the following stand- 
points: Evaporative efficiency, facility for repair or renewal, or for 
capacity to endure the severe stress to which the boiler would be sub- 
jected in times of emergency or in the day of battle. 



QUESTION OF FUEI. 8UPPI.Y OXLY OXE REMOVE IN IMPOR- 
TANCE FROM THAT OF FOOD SUPPI^Y AS REGARDS OUR 
ACTUAL* NAVAIi STRENGTH. 

Through a combination of favorable circumstances the steam navy 
of the United States has never been menaced by the fear of a coal 
famine. As a matter of fact, neither in the civil war nor in the 
Spanish-American war were the operations of the Navy of the United 
States interfered with by a substantial opposing force, and thus the 
blockades of the South Atlantic and Gulf States, as well as of the 
Cuban ports, were carried on with the blockading vessels using a mini- 
mum amount of coal. There was practically no interruption to the 
delivery of fuel to any of our fleets during either the civil or Spanish- 
American wars, and therefore the fuel problem in the conduct of our 
naval operations has never been accorded the importance that it 
deserves. 

By reason of our acquisition of the Philippines and Hawaiian Islands, 
as well as by reason of the future responsibility of defending the pro- 
jected isthmian canal, the scene of our probable future naval oper- 
ations will be ftt points less favorable to the United States than has 
existed in the past. It may be in the Pacific rather than on the Atlantic 
where our greatest naval battles of the future will be fought. In 
measuring our naval strength upon that ocean it must ever be kept in 
mind that the only coal mined in California, Oregon, or Washington 
is of inferior quality, and that both the Australian and Japanese fuels 
are far superior to that mined anywhere on the Pacific coast of the 
American continent. 

Practically the only coal, therefore, fit for naval purposes found in 
countries bordering on the Pacific Ocean is mined outside the United 
States, and thus the defense of the Hawaiian Islands, if not of certain 
portions of the California coast, may be greatly dependent upon our 
abilit}' to use for emergency purposes California oil as a fuel in our 
ships of war. In consideration of this fact the board is of the opinion 
that at least one vessel cruising on the Pacific coast should be so 
arranged as to burn liquid fuel exclusively, and this vessel should be 
assigned to special experimental work of this nature for an extended 
period. There should be no attempt to use crude oil as an auxiliary 
fuel in this coast-defense vessel, but the effort should be boldly made 
to compel such vessel to rely exclusively upon the oil product. 

It will undoubtedly cost considerable money to structurally adapt a 
w^ar vessel for safely holding a large supply of oil, but the future mili- 
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tary necessities of the Pacific coast seem to demand that the experi- 
ment should be made. There would be commercial, maritime, and 
naval advantages accruing by the Navy Department engaging in this 
work, and one or two years' experiment along this line would be of 
incalculable benefit in showing to the Navy the military possibilitici^ 
of utilizing the oil-fuel supply of the Pacific coast for naval purposes. 

AN OIL-FUEL INSTALLATION SHOULD BE EFFECTED IX ONE OF THE 
COAST-DEFENSE MONITORS OF THE PACIFIC SQUADRON. 

It is Highly probable, unless greater importance is attached to the 
value of the factors of evaporative efficiencj% boiler capacity, steaming 
radius, and character of fuel supply, that the successful and exclusive 
use of oil on board an armored cruiser or battle ship can not be brought 
about for some years. When the time comes that the consumption of 
coal will be jealously guarded in some such degree as the expenditure 
of ammunition, then will the expense and difficulty attendant upon the 
introduction of liquid fuel on board the war ship be recognized in its 
fullness by naval experts. 

For coast-defense vessels, particularly on the Pacific coast, an oil- 
fuel installation ought to be more easily secured. It is in this direc- 
tion that practical tests should be made. In case an oil depot were 
established at Honolulu and one of the coast-defense monitors assigned 
to the training of men for the engineers' force, it might be possible to 
effect an oil-fuel installation in one of these monitors whereby the 
advantages and disadvantages of oil as a fuel for naval purposes could 
be absolutely ascertained. 

In order to secure actual information in regard to the relative merits 
of various boiler installations, the British Admiralty has placed the 
services of several war ships at the disposal of a naval-boiler commis- 
sion. The liquid-fuel problem is of such military importance to the 
United States Navy that it is not an unreasonable request which asks 
that one coast-defense vessel on the Pacific coast be immediately fitted 
for exclusively burning liquid fuel. In addition to the practical ben- 
efits that would accrue from carr3'ing on extended oil-fuel experiments 
in a cruising vessel, the moral effect of initiating such an advance 
would be an inspiration to all interested in having the Nav\' Depart- 
ment utilize the immense oil resources that are found on the coast of 
the Pacific. 

AX OIL INSTALLATION SHOULD LIKEWISE BE INSTALLED IN SEVERAL 

TORPEDO BOATS. 

The information and data already secured warrants the immediate 
installation of oil-fuel appliances on several torpedo boats and tor- 
pedo-boat destroyers, to test the adaptability of the water-tube boilers 
of bont-tube type for using this fuel. The installation should be 
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effected on boats of similar character, so that an earnest but friendly 
rivalry would be created between the crews of the several vessels. 
There will come development and success by boldly equipping several 
boats with different types of installation. The morale of the torpedo- 
boat flotilla can be strengthened in no better way than by experiment- 
ing along this line. 

In all probability but one or two of the bent-tube types of boilers 
fitted in our torpedo boats or destroyers will burn oil efficiently, unless 
extensive baffling is resorted to in the boilers so as to more efficiently 
direct the products of combustion among the tubes. Extended tests 
should be made with torpedo boats to find out the best means of secur- 
ing an effective baffling, for the information secured will undoubtedly 
suggest important improvements as regards boiler management and 
design in the boilers of battle ships. 

TESTS CONDUCTED ABSOLUTELY AND EXCLUSFVELY BY A NATAL 

PERSONNEL. 

All the data recorded in this report was observed either by drafts- 
men connected with the Bureau of Steam Engineering U. S. Navy 
Department or by the enlisted personnel of the IT. S. torpedo boat 
Rodger^. For ten successive months this torpedo boat was placed at 
the service of the Liquid Fuel Board, and during that entire period, 
with the exception of the time given to the routine work of keeping 
the ship in a state of efficiency, the duty of the crew was exclusively 
devoted to carrying on the oil-fuel experiments. 

The personnel of an efficient torpedo boat in commission must 
necessarily be representative of ability and integrity. The conduct 
and work of the crew of the Rodgers was thus of exceptional character, 
and the results secured were due, in great part, to the skill, intelli- 
gence, and endurance of the enlisted force of this vessel. These men 
worked overtime repeatedly with the utmost cheerfulness, and stood 
ready from the beginning to the end of the tests to run any risk that 
would contribute to the value of the work. 

It was repeatedly the case that fires would be started early in the 
morning and continued late into the night in order to secure special 
data or to conduct particular experiments. Time and again, when run- 
ning under heavy forced-draft pressure, there would occur some tem- 
porary disablement of the feed pump, some interference with the 
feed-water supply, the breaking of a glass water gauge, or the blow- 
ing out of a small joint in a steam connection, and such mishaps would 
sometimes compel the crew to continue firing the boilers when the 
height of the water in the drum could only bo approximately deter- 
mined. The experience of these men and their absolute confidence 
in the safety of the boiler thus prevented a single individual from 
ever leaving his station or neglecting the collection of data. Only 
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those who observed the manner in which these enlisted men per- 
formed the work assigned them can have the slightest knowledge of 
their interest in the tests. Sometimes there would be as many as 
twenty men actually employed in conducting this experimental work, 
for the value of the tests depended upon obtaining complete and 
trustworthy records. 

Special attention is called to the fact that the crew of the Modgers 
operated all the various forms of oil-fuel burners that were experi- 
mented with. The board was insistent that every inventor should be 
responsible for the installation of each appliance. Such inventors 
were given to understand that any installation which could not be 
operated by the average engine-room force of seagoing ships, after 
some preliminary instruction and experience, would not be regarded as 
ad[aptable for either naval or maritime purposes. There was not a 
complaint made by any civilian expert as to the manner in which any 
liquid-fuel appliance was ever operated by the naval crew. The vari- 
ous burners were thus operated by the same people, and in the deter- 
mination of the comparative worth of the several appliances this fact 
should receive consideration. In connection with this matter it need 
only be stated that probably the most capable and practically experi- 
enced fuel expert of the Standard Oil Company repeatedly stated that 
no crew afloat was more capable of operating a fuel-oil installation 
than the enlisted force of the Rodgers, 

VALUABLE SERVICE RENDERED BY VARIOUS ASSISTANTS. 

The commanding officer of the U. S. torpedo boat Rodgera, Lieut. 
John Halligan, jr., IT. S. N., showed in himself such an example of zeal, 
efficiency, and professional ability that his personal work and service 
was to a considerable extent the inspiration that caused the enlisted 
force of the torpedo boat to secure results that have in many respects 
never been surpassed in experimental research and investigation. 

The board has no hesitation in stating that if it had not been for the 
untiring, intelligent, executive work of the commanding officer of the 
U. S. torpedo boat Badgers^ no such extended series of tests could 
have been conducted during the period that the board was engaged in 
this special work. As typical of his zeal and engineering abUity, as 
well as of his physical and moral courage, it is only necessary to state 
that in every time of possible danger he was always among the first to 
open and close the necessary valves to restore normal conditions. 
Whenever the tests were interfered with by the impairment of some 
auxiliary, although such tests had been in operation several hours, it 
was the invariable rule of Lieutenant Halligan to recommence the 
experiments, even though it subjected his crew to continuous work 
from early morn until late at night. 
32196—04 28 
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The tact and judgment displayed by Lieutenant Halligan in his 
dealings with numerous inventors was likewise a detennining element 
in having all recognize the fact that while the personal sympathy of 
the naval officials was with each and every inventor, such sympathy 
would not stand in the way of rigid consistency and integrity in col- 
lecting absolutely correct data and information. 

The earnest purpose of this officer to acquaint himself with the 
manner of conducting experimental investigation and research, and his 
high administrative efficiency in stationing and directing his crew so 
that the results of the experiments would commend themselves to all 
interested in the solution of the oil-fuel problem, is worthy of special 
recognition by the Department, and the board requests that this 
deserved tribute to his professional zeal and engineering ability be 
made a part of his official record. 

The board likewise desires officially to express its appreciation of 
the services rendered by Mr. Harvey D. Williams and Mr. Frank Van 
Vleck, two fuel-oil experts, who performed service as secretaries of 
the board. The technical knowledge, executive ability, and power of 
tabulating original research possessed by Messrs. Williams and Van 
Vleck were also determining factors in making the series of tests of 
value to all users of fuel oil. The board greatly regrets that it is not 
within its power substantially to reward these experts for service per- 
formed by them in the conduct of the extended series of experiments. 
The striking and valuable manner in which the burners have been 
classified, is, in great part, the personal work of Mr. Van Vleck, and 
this classification represents years of methodical study and investiga- 
tion. This practical, concise, and scientific classification should do 
much in simplifying the construction of burners, thereby i-educing 
their cost while adding to their reliability and ease of operation. 

EXPERIMENTAL ENGINEERINO RESEARCH WORK OF INESTIMABLE VALUE 
TO JUNIOR OFFICERS ASSISTING IN THE TESTS. 

The naval demands of the f utut-e make it comj)ulsory immediately 
to begin the training of engineering specialists. The result of these 
tests shows that one of the most effective ways of developing such 
experts would be to organize a permanent engineering experimental 
board, whose special province it should be to conduct tests to deter- 
mine the value of all appliances designed and submitted for use in the 
naval service. Junior officers of the lines having aptitude and incli- 
nation for such work should be detailed as assistants to this board. 

Such research work would necessarily be of both theoretical and 
practical character, and there would therefore be secured upon the 
part of young officers detailed for such duty progressive professional 
advance that would eventually fit them for important technical duty. 
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These assistants should be ordered to accompany various naval tech- 
nical boards on all journeys of inspection so that they could assist not 
only in determining the capabilities and efficiencies of the appliances 
under obseivation and test, but would have an opportunity to observe 
the character of 4^he organization and the methods of administration of 
great industrial plants. 

The information secured by members of the Liquid Fuel Board in 
their visits to various steamers and industrial establishments where 
oil was used as a fuel was of inestimable value in extending the char- 
acter of the oil-fuel experiments. The good of the service would have 
been greatly subserved, however, if a considerable number of young 
officers had accompanied the board on every inspection tour, and thus 
had been brought in touch with many of the ablest of the oil-fuel 
experts in charge of great power plants. 

It is undeniably the fact, paradoxical as it may seem, that the larger 
the technical board appointed to investigate a technical matter, the 
more knowledge of the subject will each individual member acquire. 
Where there is an earnest, spirited rivalry upon the part of various 
individuals to strengthen their position upon debatable points it can 
be expected that those holding divergent views will ever be on the 
lookout for special information to maintain their opinion. The final 
report thus submitted by a board of considei-able membership would, 
in general, be more comprehensive and valuable and command more 
respect than any report based on the views of a single expert. 

The best interests of the service would be attained by having 
junior officers appointed to associate membership on every important 
board, for thus there would always be on the active list some officer 
who would have knowledge of many facts in connection with the inves- 
tigation of naval matters that were not recorded in official reports. 
The members of the Liquid Fuel Board were strikingly impressed 
with the good that would have resulted to the naval service, if from 
the commencement to the end of the experiments some junior line 
officers had performed continuous duty in connection with the tests. 



COXCT.ITSIOXS DERITHED FROM A COMPARATIVE STUDY 
OF TllF COAIi AND OUj TESTS. 

In view of the cost incurred and the labor involved in conducting 
these experiments the manufacturing as well as the maritime world 
will be most interested in noting the practical conclusions reached. 
It is hoped that the engineering profession will find much interest in 
and attach proportionate value to the data collected. 

As a result of the extended series of tests the following conclusions 
have been drawn: 

1. That no difficulty should be experienced by an intelligent fire- 
room force in burning oil in a uniform manner. It need likewise 
require but little experience upon the part of skilled water tenders 
to be able to detect, either from the character of the roar or hissing 
noise or by the color of the flame at different points, an approximate 
idea both as to evaporative output and efficiency conditions. 

2. For general purposes on shore, high-pressure steam is a more 
satisfactory spraying medium than air. The use of steam, however, 
as an atomizing agent for naval purposes will undoubtedly require a 
considerable increase in the size of the evaporating plant, and this 
must be considered of importance. The necessary increase of the 
evaporating plant is practically the main objection to the employment 
of steam as the spraying medium for liquid fuel on board naval and 
merchant vessels. 

3. While the use of steam as a spraying medium will undoubtedly 
prove most satisfactory for general purposes, the results of the tests 
show that the consumption of fuel oil can not be forced to as great an 
extent with steam as the atomizing agent as when highl}' heated com- 
pressed air is used for this purpose. As the war ship is designed to 
be operated at short notice under the severest forced-draft conditions, 
the question will have to be considered, whether it is not more advisa- 
ble to fit air burners that would be found most efficient for the day of 
battle, rather than effect an installation of steam burners that are most 
desirable for general cruising. The advantages of air as the best 
spraying medium for severe forced-draft conditions, is due to the fact 
that this atomizing agent, after entering the furnace, is a supporter 
of combustion. With the use of steam as the atomizing agent the 
rarefied vapor simply displaces a certain portion of air that is requisite 
for complete combustion. If it were not for the fact that air com- 
pressors necessary for supplying an atomizing agent are very bulky 
and heavy, and require considerable room for their installation, the 
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question might be considered, whether for war-ship purposes it would 
not be advantageous to effect an installation whereby either air or 
steam could be used at will. 

4. That in every oil-fuel installation special provision should be* 
made for the removal of the water that will collect from various 
sources at the bottom of the supply tanks. Even a small amount of 
water pumped to the burners will interfere with the efficient and 
satisfactory work of an oil-fuel installation. As it is essential with 
every boiler plant to secure a uniform if not large output, the annoy- 
ance and evil of occasionally pumping water rather than oil to the 
burners can not be overestimated. 

6. That the evaporative efficiency of crude and refined oil is practi- 
cally the same, no matter from what locality the oil may come. The 
danger of using crude oil, however, is much greater. As it should not 
be an expensive matter to build refineries near one of the terminal 
points of a pipe line, the expense of such refining should not increase 
to a perceptible degree the cost of such fuel, since the sale of the by- 
products of crude oil would often pay in great part the expense of 
distillation. 

6. The great benefit of heating the air necessary for effecting com- ' 
bustion can not be doubted. 

Y. In order to provide a uniform supply of oil to the burners the 
oil should be heated by some simple means. ' It can be expected that 
the burners will be operated much more satisfactorily when oil is thus 
heated. It being understood that the heating has been carried only 
to a point well below the temperature of the deposition of the hydro- 
carbons. 

8. Where the use of a liquid-fuel installation is projected, there 
should be a reserve of burners installed, and these burners should be 
of a design that would permit rapid examination, thorough overhaul- 
ing, and easy renewal of special parts by the fireroom force. Careful 
experiment as well as extended experience have shown that by 
increasing the number of burners there is not only a more uniform 
but a more efficient distribution of fiame. There is also a minimizing 
of the blowpipe effect, as well as a marked reduction in the amount 
of noise in the furnace. 

9. That the bygrometric state of the atmosphere has a noticeable 
influence upon the efficiency and capacity output of boilers. 

10. In order to secure in oil-fuel installations more uniformity of 
conditions in the furnace, and to decrease the noise where air is used 
as a spraying medium, an air-cushion tank for the oil-supply pump 
should be installed. Such a tank would break the pulsations of the 
pump and serve a similar purpose as the regulating air chamber of an 
ordinary feed pump. 

11. In view of the liability of every form of burner to clog, tlie 
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necesyity of making special provision for straining the oil was emphat- 
ically shown. It would be extremely advisable to install a strainer 
both on the suction and discharge pipes of the oil-feed supply. These 
strainers should be of a design that would permit rapid examination 
and renewal, and one patterned after the Macomb type would meet 
all general requirements. 

12. Extended experience in the burning of crude oil will contirm 
the opinion that the simpler the furnace the greater its efficiency. 
The erection of brick arches only tends, in many cases, to reduce the 
volume of space necessary for effecting complete combustion. In 
Scotch boilers there should be a simple vertical brick lining of the 
back combustion-chamber wall and a lining of the front end of 
furnace for about a third of its length. 

13. That no design of oil-fuel installation should be permitted for 
marine purposes which would not permit the renewal within twenty- 
four hours of all grate and bearing bars, so that a return to coal could 
be accomplished within a reasonable time in case of failure of oil 
supply. 

14. Where oil is used as a fuel in a Scotch boiler the introduction of 
retarders in the tubes will undoubtedly increase the evaporative effi- 
ciency of the boilers. The use of retarders will prove beneficial by 
reason of the fact that such devices not only prevent the heated prod- 
ucts of combustion from passing too freely through the tubes, but 
likewise cause a moi'e uniform distribution of these gases in their pas- 
sage through the tubes to the base of the stack. In thus causing a 
more uniform and effective heating of the tubes the liability of the 
end of the tube to be burned is undoubtedly diminished. With oil as 
a fuel but little soot forms on the heating surfaces of the tubes. Where 
retarders are not used in large tubes in an oil-fuel installation it is 
reasonable to presume that a certain portion of the gases of combus- 
tion reaches the smokestack without coming into contact with any of 
the boiler surfaces. Where coal, however, is used as a fuel in a Scotch 
boiler the resulting coating of the tubes by soot generally reduces 
their sectional area to a degree sufficient to materialh' impede the flow 
of the gases of combustion, and therefore under such conditions the 
gases reach the base of the stack at a comparatively low temperature. 
Where oil is properly burned it can be regarded as a fact that the 
velocity of the flow of the gases is greater than where coal is used, 
and therefore retarders should be used in the case of fire-tube boilers 
and increased Imffling in the case of water-tube boilers. 

15. An important point established has been that the calorimeter 
openings of water-tube boilers should be less than in the case of the 
Scotch boiler, whether oil or coal be used as a fuel. 

16. That marine firemen are not ill-disposed toward the use of oil. 
It will be essential, however, particularly for marine work, to secure 
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intelligent men for the operation of the burners. It will be found that 
resulting financial economj'^ will ensue by intrusting the management 
of oil-fuel installations to men of skill and judgment. Cheap labor 
can not be employed in this work; there will be resulting damage, 
annoyance, and danger if the operation of oil-fuel burners is assigned to 
unskilled labor. 

17. That the efficiency of oil plants will be primarily dependent 
upon the chaiucter of the installation of fittings and auxiliaries. The 
form of the burner, so long as it is manufactured in accordance with 
general well-known principles and all its parts are accessible for 
overhauling, will play a very small part in extending the use of crude 
petroleum. The method and character of the installation, however, 
are all important, and therefore the work of designing and constructing 
such a plant should only be intrusted to those who have given careful 
study to the matter and who have had extended practical experience 
in burning the crude product. Consumers should take special care 
that they neither purchase appliances that have been untried nor per- 
mit the installation to be effected by persons who have had but limited 
experience in such work. 

18. Where crude petroleum has undergone a light refining or distil- 
lation no ill effects result to modern steel boilers. From the stand- 
point of endurance of the boiler the advantage, if any, is with oil. 
Crude oil, however, by reason of its searching and corrosive effects, 
has a greater tendency than refined oil to attack the seams and tubes 
of modern boilers. Fot marine work, therefore, no crude petroleum 
should be used, and particularly for ships making long voyages, the 
fuel oil should undergo some mild distillation before being placed in 
the tanks. 

19. That in the stowing of liquid fuel on board vessels, whether 
taken on board for fuel purposes or for transportation in bulk, the 
compartments containing the crude product should be as few as possi- 
ble, both for reasons of safety and for facility of delivery and discharge. 

20. That with the use of oil the forcing of a marine boiler should 
be much more readily accomplished than with the use of coal. 

21. That under severe forced- draft conditions and with water-tube 
boilers and with the use of oil as a fuel the solution of the smoke 
question is nearly as remote as ever. Where a limited quantity of 
oil is burned in a Scotch boiler, however, and retarders are used in 
the tubes the burning crude petroleum should be smokeless. 

22. The value and necessity of installing a series of draft gauges 
between the ash pan and the base of the stack were conclusively shown. 
As a result of the study of the draft conditions at different points there 
were changes made in baffling the gases which were of decided benefit. 
It is therefore recommended that for experimental purposes a series 
of draft gauges be fitted to the boilers of several large ships, since 
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the board is of the opinion that marked gain an to both the efficiency 
and capacity of naval boilers would be secured by a careful observa- 
tion and study of the draft condition at various points between ash- 
pan and smokestack. 

23. In order to secure for the day of battle increased speed for war 
ships, naval administrators are justified in demanding of manufacturers 
of water-tube boilers increased coal consumption per square foot of 
grate surface. The weight thus saved in the reduction of the number 
of boilers should be exclusively applied to giving the machinery 
greater endurance by using heavier boiler linings and casings and more 
substantial auxiliaries. The space gained in the reduction in the num- 
l^r of boilers should be assigned to providing increased sized fire- 
rooms, evaporator rooms, and passageways in the boiler compart- 
ments. The fireroom conditions on board the modern battleship could 
not be much worse, whether viewed from the standpoint of providing 
for sanitary stokeholds or for an arrangement of firerooms where not 
only efficient stoking can be carried on, but an installation should be 
made in which there are adequate facilities for rapidly effecting rou- 
tine examination and repairs. It is not surprising that there is 
excessive expenditure as regards cost of repairs, as well as rapid and 
excessive depreciation, and that the boiler endurance is exceedingly 
limited when marine steam generators are cro^vded in the manner in 
which they are now installed. Under existing fireroom conditions 
auxiliary feed and bilge pumps are likewise installed directly in the 
firerooms and even in niches cut out of the bunker compartments. 
As now arranged the character of the installation of these appliances 
not only interferes with efficient stoking and repairs to the boilers, 
but the pumps themselves are constantly under either repairs or 
examination, due to the dust and grit which settle upon their work- 
ing parts and thus cause their early renewal. There can be no satis- 
factory installation of either coal or oil burning appliances until an 
increase of space is allowed for the operation and preservation of 
boiler installation. 

24. The absolute lack of endurance of both Scotch and mica water- 
gauge glasses for installation in boilers carrying over 250 pounds 
pressure and subject to forced-draft usage was conclusively estab- 
lished. Reflex water-gauge glasses should alone be used on lx)ilers 
which are subject to heavy foTced-draft conditions. 

25. Practically every form of commercial fire brick that was used 
in the boiler for the purpose of forming a deflecting arch disinte- 
grated either under the action of the intense heat generated, or due to 
the action of the acids in the oil or coal. In case any form of arch or 
bridge wall is essential to the efficient or forced burning of liquid fuel, 
then special experiments should be conducted to secure a refractory 
brick that would possess endurance under the severest of forced-draft 
conditions. 
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26. For naval installations there should be supplied a fuel oil that 
will not flash under l7o° F. The higher flash point required for 
naval than for merchant vessels is essential for the following reasons: 

(a) The war vessel must be kept in readiness to proceed to the Tropics 
at immediate notice, and the firing of the guns subjects the naval ship 
to danger conditions to which other types of vessels are not exposed. 

(b) The fitting of numerous transverse bulkheads and a protective 
deck in a naval installation, combined with the fact that both machin- 
ery and boilers are exceedingly crowded, makes it extremely difficult 
to properly ventilate ceiiain compartments, and therefore in war ships 
it will be necessary to use special precautions both in the stowing and 
in the handling of oil fuel. 

(c) The fact that a large number of men must be permanently 
housed beneath decks on the naval ships will make it difficult to pre- 
vent the use of open lights in some of the lower compartments, and 
thus the danger of using oil as a fuel from this cause will always be 
greatest in naval vessels. 

27. There should be no attempt made to use oil as auxiliary or sup- 
plementary to coal. Such an installation is certain to prove unsatis- 
factory, and the solution of the oil-fuel problem for naval purposes is 
only delayed by any attempt to inject a limited supply of oil fuel over 
a bed of incandescent coal. The mechanical feature of the problem 
having been satisfactorily met, the good of the sendee requires that 
an}' installation attempted should depend alone upon oil as a fuel and 
not any combination with coal. 

28. In maritime construction no oil fuel should be carried in com- 
partments directly beneath the boilers. In case such compailments 
should ever be used as oil reservoirs, there might be danger of radi- 
ated heat from the boilers volatilizing and exploding some of the hydro- 
carbons of the fuel oil. In case, also, there was any puncturing of 
the inner bottom, the hot ashes might reach the oil. The possibility 
of oil also reaching the bilges through improper manipulation of the 
valves of the manifold boxes is specially liable to happen. 

29. The importance and necessity of always possessing a reserve 
supply of superior fuel were strikingly impressed upon the board, for 
during both the coal and oil experiments there was resulting delay 
due to the nondelivery of fuel. Special effort was taken at all times 
to maintain a reserve supply of coal, but from causes beyond the con- 
trol of the board shipments of such fuel would be delayed. Particu- 
larly was it found difficult to secure hand-picked coal of superior 
quality, and in one instance such fuel could only be secured within 
reasonable time by having it shipped at express rates to the experi- 
mental plant. The necessity of maintaining at every nav^l station 
a large invoice of hand-picked coal of the very best quality, to be 
utilized for emergency and experimental purposes, was repeatedly 
emphasized. As for a reserve of coal for war purposes, it is highly 
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probable that in a contest for the command of the sea an adequate 
reserve of fuel may be only one remove in importance from the pos- 
session of a reserve of ships. 

30. In view of the fact that 48 per cent of the world's output of 
crude petroleum is produced in the United States, and that practically 
our entire yield is secured from fields which are in pipe-line commu- 
nication with important maritime and strategic ports, the board consid- 
ers that a joint commission, representing commercial, manufacturing, 
maritime, and naval interests, should be authorized by the Congress, 
whose province it would be to formulate such niles and regulations 
as would provide for an economical, efficient, enduring, and safe 
oil-fuel installation. Heretofore the oil-fuel problem has been princi- 
pallj" investigated by various individual interests which have sought 
to secure information along certain lines As a result there has not 
been obtained that knowledge of the subject which would give to 
the country at large such development of the use of crude oil as a 
fuel as would be warranted, considering the natural advantages pos- 
sessed by the United States in having at its command near great sea- 
ports such a large proportionate supply of the world's production of 
the crude product. Particularl}'- for the development of our commer- 
cial interests in the Gulf of Mexico and on the Pacific coast should the 
work of such a commission have an important influence in extending 
our prestige and power, whether viewed from a commercial, maritime, 
or naval standpoint. 

The Board would urgently recommend that in all installations of 
water-tube boilers in naval vessels where economical boiler efficiency 
has not been obtained, that the commanding officers of such vessels be 
directed to make some experiments with different arrangement of 
baffling, and that official report be made of the performance of the 
boilers under these various conditions. Particularly is it recom- 
mended that where there is an excessive coal consumption per indi- 
cated horsepower, that the calorimeter nearest the base of the stack 
be reduced so as to cause complete combustion to be effected amid and 
not beyond the tubes. The compilation of the data secured from 
baffling experiments on various types of boilei^s would undoubtedly 
suggest important changes whereby the efficiency if not the endurance 
of such boilers would be increased. 

31. The board regards the engineering or mechanical feature of the 
liquid-fuel problem as having been practically and satisfactorily 
solved. For manufacturing pui-poses the financial and supply features 
are the only hinditmces to the use of crude petroleum as a standard 
fuel. For mercantile purposes the commercial and transportation 
features of the problem are existing bars which limit the use of oil 
fuel in merchant ships. For naval purposes there is the additional 
and serious difficulty to be overcome of providing a satisfactory and 
safe stmctural arrangement for carrying an adequate bunker supply. 
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32. That in the consideration of the problem of attemptinj^ to use 
oil as a fuel for either marine or naval purposes it should l)e particu- 
larly remembered that, by reason of the economic and commercial 
demands for crude oil for illuminating, lubricating, and other pur- 
poses, the available supply of the world's production of crude petro- 
leum that could be used as a fuel would not meet over 3 per cent 
of the world's demand for coal and other combustibles. For a. time, 
therefore, the effort should be made to use oil fuel only for special 
purposes in particular localities. 

33. The board considers that what will eventually be recognized as 
the most important result of these extended experiments is the collec- 
tion of a great mass of trustworthy data concerning the comparative 
value of coal and oil as a fuel under various conditions. It should l>e 
observed that this data was secured with painstaking care and checked 
at the earliest practicable time after each test. Wherever it was found 
that discrepancies existed in any experiment the test was repeated, in 
order to discover if possible the cause of the inconsistency. There 
has also been secured very complete and trustworthy data in regard to 
boiler efficiency and capacity. 

In conclusion, the board desires to call attention to the fact that 
these experiments continued uninterruptedly for a period of twenty- 
eight months, and that for a considerable portion of this time there 
were no fewer than six commissioned officers giving special considera- 
tion to this subject. There were also employed in connection with 
this duty skilled draftsmen and experts of the Bureau of Steam Engi- 
neering, as well as members of the Bureau's clerical staff. For one 
year there were available for this experimental work the entire crew 
of the torpedo boat Hodgers. 

The work represents an immense amount of labor, and as the board 
has been in correspondence with nearly every interest directly or indi- 
rectly concerned with the use of oil as a combustible, it is believed 
that the report submitted will not only be of value to the Navy 
Department, but to the manufacturing and mercantile business inter- 
ests of the nation. 

Very respectfully, John R. Edwards, 

Cm/uinnider^ IT. S, Nary^ Meinhev. 
W. M. Parks, 
Lieutenant- Com mandei\ IL S, Navy^ Mej)the)\ 

F. H. Bailey, 
Lieutenant -Co)uin an (leVn, U. S, Nary^ Memher, 

To the Chief of the Bureau of Steam Engineeking. 

Approved August 1, 1903. 

Geo. W. Melville, 

Hear-Admiral and Enylnetr-i n- Chiefs l\ S, N,^ 

Chief of Bureau (f Steam EiHjineerin<j, 
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Arrangement of boiler plant for fuel-oil tests 58 

Arrangement of experimental plant for coal testa 12 

Ashes, weight of 9 

Assistants on the staff of fuel-oil board 425 

Atmospheric conditions affecting tests 404 

Atomization of oil, chemical theory of 316 

Atomization of oil without the use of steam or air. by mechanical action 320 

Atomizers. {See Burners.) 

Atomizer burners, type class 342 

Austria, coal production of 410 

Auxiliaries, consumption of power by, on oil-burning steamers 301 

Auxiliaries of experimental boiler 7 

Auxiliary appliances for oil burning 366 

Auxiliary boiler for supplying steam for atomization 74 

Baffles to gain greater oil economy 403 

Baffling of gases in water-tube boiler 374 

Baffling in w^ater-tube Ixjilers, tests suggested in order to improve the efficiency 

of coal burning 433 

Barometer, average height during trials 243 

437 
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Barrus calori meter 10 

Beaumont, Tex., oil 62 

Beamnont, Tex., crude oil, analysis 68 

Belgium coal production 410 

Best, W. N., oil burner 91 

Comparative results 96 

Fitted on torpedo boat Gmn 310 

Furnace arrangement 92 

Tests 29 to 31 160-163 

Tests 34 to 38 170-179 

Blowers: 

Auxiliary for starting, operated by gasoline :^36 

For air, S. S. CUy of Everett 336 

For supply of lur to burners 373 

Blowers and air compressors of the expemiiental plant 8 

Boiler; 

Auxiliary, supplying steam for atomization ..•*., * 74 

Capacity increase demanded for 432 

Circulation of water in 7 

DataS. ^.Nebraskan 306 

Evaporative capacity should be greater in water-tube boilers 54 

Experimental, auxiliaries of 7 

Dimensions of 4 

Drums of, dimensions 4-5 

For coal 6 

Form of junction boxes 7 

For oil tests 59 

Smokestack height 5 

Tubes, number and size 4-5 

Heating and grate surface 4 

Hohenstein, horsepower capacity of 420 

Endurance of 419 

Plant for oil tests 58-59 

Arrangement of, for coal •. . 12 

Room air-tightness 7 

Weight of water contained 9 

Land, types of, no experimentation with 383 

Vertical arrangement of, for oil burning 384 

Water-tube, necessity for investigation of 55 

For naval vessels 55 

Boilers of the water-tube type, the problem of 54 

Booth burners 84 

Borneo oil production 411 

Borneo oil used on Nederlands-Indies steamer 326 

Boston and Maine Railway locomotives burning oil 308 

Branch burner 80 

Tests 23 to 28 148-159 

Branch system, comparison of tests 82 

Brickwork diagrams for use in Scotch boilers 376 

Brickwork: 

Disintegration under action of oil, 432 

Details for arranging oil-burning furnaces for water-tube boilers 380 

In furnaces, influence of 316-430 
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B. T. U., Texasoil 68 

Bunker, CJol. W. M., San Francifico Chamber of Commerce J^9 

Bankers and tanks for oil, S. S. City of Everett 336 

Blinkers for oil, 8. 8. Nebraskan 302 

Burners: 

Advance tjrpe 82 

Booth 84 

Centrifugal type, experiments on 1 258 

Conditions for a successful design 339 

Depending on gasification of oil 364 

Feedtanks 371 

Fertility of inventors of S:^ 

Fitton 98 

For Russian locomotives, injector type 355-ii68 

For 8. 8. Mariposa 276 

F.M. Reed type 76 

Harvey system 78 

Hayes hydrocarbon 70 

Herreschoff design for U. S. 8. Talbot and Gwin 355 

Hohenstein-White 97 

Influence of the contours of the orifice 359 

Injector type, Giffard injector employed 365 

Talbot and Gwin 367 

In reserve should be installed ^ 429 

Korting mechanical 322 

Lassoe Lovekin 269-302 

McDonald type 91 

Mechanical, Baku oil fields 324 

Board design 324 

Mechanical, for oil burning 320 

Necessary conditions for 324 

8. 8. Tebe,\je»\s 328 

Using Borneo oil 326 

With induced draft, tests of 334 

Oil City Boiler Works 60 

Tests Nos. 10, 11, and 12 75 

Operating on the preliminary gasification of oil not treated in this 

report 338,340 

Ourgard, Russian locomotive 358 

Regulation of oil and air supply to 62 

Santa Fe 84 

Standard Oil form. City of Everett 3:^6 

Steam atomizing 74 

Systematic classification of 338 

The basic type 341 

The Branch system 80 

Types of, used in tests 102 

Urquhart 355 

Used on Hoosac Tunnel locomotives 309 

Used on Pennsylvania Railroad 356 

Using steam not necessarily efficient 407 

W. N. Best type 91 

Burnham, W. D. , American-Hawaiian Steamship Company 294 
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California oil: 

Analysis of 69 

Burning on Santa Fe Railway 84 

Calorific value 69 

Production by fields 415 

Specific gravity 69 

Used for experimental purposes 389 

Calorific value: 

California oil 69 

Texas oil 68 

Calorimeter openings for water-tube boilers should be lees 430 

Calorimeter, style used 10 

Capacity of boilers should be greatly increased 432 

Carbon, percentage of, in oils utred during tests 68 

Carbon, percentages of, California oil 69 

Carburetor, Harvey system 78 

Carburetors, nonsuccess of 364 

Cargo oil pumps 372 

Chamber burners 342 

Character of oil used in tests 62 

Charcoal and its combustion 313 

Chimney gas analysis 251 , 253 

Chemical and mechanical conditions involved in combustion of oil fuel 313 

Chemical analysis of oil used during tests, analysis of Beaumont oil 68 

Chemist, New York Navy- Yard, oil analysis 68 

Circulation of water, dependent on baffling 374 

Circulation of water in the Hohenstein boiler 420 

Circulation of water in experimental boiler 7 

Classification of oil burners 338 

Coal, analysis of 10 

Coal and oil as fuel, relative value 390 

Coal and oil tests, the final conclusions 428 

Coal and oil, world's production of 409 

Coal compared with oil as fuel 417 

Coal: 

Grate bars for 377,381,430 

Measurement of 8 

Method of weighing 9 

Quality used 10 

Shortage of, on the Pacific 422 

Coal tests: 

Arrangement of boiler for 6 

Data secured , 13 

Tables of 16-53 

Coast-defense monitors on Pacific, desirability of fitting for oil burning 423 

Cofferdams as security against leakage, American-Hawaiian Company 295 

Cofferdams, construction of S. S. Nehraskan 305 

Coking up of oil-burning apparatus when attempting gasification of oil 364 

Combination air and steam burner. Reed 76 

Combustion space required by liquid fuel 316 

Combustion, mechanics of, as applied to oil fuel 313 

Comparative results: 

Best burner 95 

Oil City burner 96,100 
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Comparative results of tests of Advance burner 84 

Ck)mparison of coal and oil as fuel 390 

Ck)mpari8on of coal and oil trials using Korting mechanical burners 334 

Comparison of conditions, locomotive and torpedo-boat work 309 

Comparison of oil fuel by volume or by weight 417 

Comparison of oil with coal as fuel 417 

Comparison of results, Santa Fe burners 88 

Comparison, eastern burners with eastern oil, western burners with western 

oil 97 

Composition plugs of Hohenstein boiler 7 

Compressed air used for atomization. 76 

Compressors, air 8 

Conduct of tests by the board ...• 424 

Conclusions derived from the oil and coal testa 428 

Conclusions on centrifugal burners 264 

Confirmation of oil results by other tests 385 

Consumption of power by auxiliaries, oil-burning ships 301 

Crew comparison, oil-burning against coal-burning steamers 301 

Crew, S. S. 3/dnpo«i, relative, with coal and oil 27^281 

Crew of the U. S. S. Rodgers, constituting the experimental staff 424 

Crude petroleum. {See Oil. ) 

Date of oil trials 102,242 

Davie safety lamps, use with oil installations 406 

Deane, C. T. , Dr. , secretary California Petroleum Minera Association 389 

Diagrams of furnace arrangements 376 

Disk burners..' 258 

Double bottoms: 

Carrying of oil in 406 

No oil to be carried beneath engine and boiler space 406, 433 

Draft gauge: 

Diagrams for coal 14 

Diagrams of oil tests 63-65 

Draft gauges 11 

Importance of installing a number of 15 

Necessity for 431 

Draft openings into furnace, oil trials 246 

Drilling of holes instead of punching, for oil tank construction 406 

Drooling burners 342 

Dudley, Dr. C. B., superintendent of tests, Pennsylvania Railway Company.. 355 

Duration of trials in hours 10^242 

Economical results from tests 250,252 

Efficiency of oil determined by tests 255,267 

Endurance of the Hohenstein boiler 419 

Endurance test of one hundred and sixteen hours 66, 114 

Evaporative capacity under forced draft 420 

Evaporative capacity should be greater in water tube boilers 64 

Evaporation of water during tests 251, 253 

Evaporative efficiency: 

Advance burners 84 

Best burner 95 

Branch burners 82 

Harvey & Best burners 80 

Oil City Boiler Works burner 96-100 

Santa Fe burners 89 
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Evaporative efficiency of oils .' 429 

Evai)orative efficiency, oil compared with coal 417 

Expansion trunk, S. S. Mariposa 275 

Expansion trunks, 8. S. Nebraskan 306 

Experimental boiler, dimensions {see also Boiler) 4-5 

Experimental boiler for oil tests 59 

Exi^erimental boiler plant for fuel oil tests 58 

Experimental plant, arrangement of, for coal burning 12 

Experiments on centrifugal burners 258 

Explosive vapors from tanks 396 

Feed pumps 8 

Feed tanks for burners 371 

Fee<l tanks for oil, S. S. Mariposa 275 

Feed water during experiments 419 

Fee<l water, measurement of 8 

Filters or strainers for oil 366 

Fire brick, disintegration of, under action of oil 432 

Firemen not ill dispotse*! toward oil 430 

Fire point, Texas oil 68-69 

Fitton Burner 98 

Flash point for naval fuel oil 432 

Flash point, Texas oil 68-69 

Flue gases 11 

France, coal pro<luction 410 

Force<l draft conditions, conclusions of 428 

Forced draft conditions and the smoke 398 

Forced draft efficiency on the Hohenstein boiler 420 

Forcing of marine boilers 431 

Formation of a mechanical spray 321 

Fuel oil burners. (See Burners.) 
Fuel oil tests: 

Arrangement of boiler for 59 

Summary of 242 

Fuel, relative production of, in the world 409 

Fuel supply, one remove in importance from food supply 422 

Funnels, sighting of S. S. Maripom 282 

Furnace arrangement: 

Best burner 92 

Harvey system '. 78 

Hayes burner 72 

S. S. Mariposa 279 

S. S. yelfrajikan 303,306 

Furnace, arrangement of, for vertical boiler 384 

Furnace arrangements for oil burning, S. S. City of Everett 336 

Furnace arrangements: 

Branch system 81 

Hoosac tunnnel locomotives 308 

Necessity of proper design of brickwork 375 

Oil City burners 99 

Santa Fe burners 86 

Furnace brickwork 430 

Furnace construction 373 

Furnace details, mechanical spray burners S. S. Tehe 331 



INDEX. 443 

Page. 

Furnace f onne for water tube boilers 379 

Furnace men required rather than stokers 301 

Furnaces, land boiler types, no experimentation with 383 

Furnaces, proper admission of air for oil burning 403 

Gasification of oil: 

Non success of 364 

In the Harvey system 78 

Gage glasses, increased life demanded 432 

Gages: 

Draft 11 

Pressure 11 

Gas and chimney analysis 251-253 

Gasoline engine driving auxiliary blower S. S. City of Everell 336 

Gibson, Robert W., Best Burner Company 91 

Germany, Coal production 410 

Oil production 411 

Getting up steam under oil 61 

Goode, C. B., Santa Fe Railway Company 84 

Grate bars for coal 377,381,430 

Great Britain coal production 410 

Grundell & Tucker burner S. S. Mariposa 276 

Gwiuj torpedo boat, fitted with Best burners 310 

Halligan, John, jr., Lieut. U. S. Navy, officer of tests 66, 425 

Harvey arrangement of furnac^e details for burning oil 78 

Harvey process for oil burning . . - 78 

Harvey burner, tests 32 and 33 166-169 

Harvey system, comparison of results 80 

Hawaiian Islands, as a fueling port 422 

Hayes burner: 

Arrangement of furnace installation 72 

Test No. 9 120 

Hayes Hydrocarbon burner 70 

Heaters for oil 369 

Heating of air used for atomizing 373 

Heat value, 1 pound of oil from chemical analysis 255-257 

Henderson, George R., superintendent of motive power, Santa Fe Railway. . . 84 

Hoffman, W. D., fuel-oil representative Standard Oil Company 308 

Hohenstein boiler: 

Capacity of • 420 

Baffling of 374 

Dimensions (see aha Boiler) 4-5 

Endurance of 419 

Hohenstein boiler plant for fuel oil tests 58 

Hohenstein boiler plant, coal burning 12 

Hohenstein-White oil burner '. 97 

Hoosac Tunnel oil-burning locomotives 308 

Horsepower of the Hohenstein lx)iler 420 

Howden hot draft in effecting economy 385 

Howden hot draft system as applied to oil burning, American Hawaiian Line. 296 

Humidity of atmosphere as affecting capacity and economy 404 

Humidity, degree of 243 

Hydrocarbons deposited in burners 340 

Hydrogen, percentages of, California oil 69 

Hygrometnc conditions affect efficiency 404 
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Injector burner: 

Pennsylvania Bailroad 356 

Russian locomotive 358 

Talbot Bind Gtpin '. 357 

Injector burners, types of 343 

Insurance risks, oil-burning steamers Xebraskan and Nevadan 294 

Introduction to report 3 

Isherwoofl, engineer in chief, V. 8. Navy, views on gasification of oil 364 

Johnson, warrant machinist, U.S. Navy 66 

Junction boxes of Hohenatein boiler 7 

Junior offices of the Navy, value of experimental work to 426 

Knots made i>er ton of oil, S. S. Mariposa 286 

Knots made per barrel of oil, S. S. Maripom 286 

Korting mechanical burner 322 

Korting burner tests compared with coal burning 334 

Korting burners, ft. ft. Tebe tests, mechanical spray burners 328 

Korting burners with induced draft 334 

Land conditions not applicable to marine work 388 

Land types of boilers, no testa with 383 

LasBoe Lovekin burner, details of 269, 302 

Lassoe, superintending engineer, American- Hawaiian Steamship Company... 295 

Launch boilers, oil-burning furnace for 384 

Lincoln, G.S., Lieut., U. S. Navy 66 

Liquid fuel burners. (See Burners.) 
Liquid fuel tests: 

Arrangement of boiler for 59 

Summary of 242 

Lloyds rules for tanks, bulkheads, etc 406 

Locomotive and torpedo-boat burners compared 308 

Locomotive burner, Russian 358 

Locomotive burners, Santa Fe 85 

Locomotives burning oil 308 

Log of S. S. Mariposa^ burning oil 286 

Long voyages under oil burning, American-Hawaiian Steamship Company. . . 294 

Loss of fresh water due to steam atomization 76 

Lovekin : 

Superintendent New York Shipbuilding Company 269 

Oil-burning experiments 268-302 

Low-pressure air by blowers for use of burners 373 

Low-pressure air burners Lassoe Lovekin, S. S. Nebraskan 269, 302 

Low-pressure air burners, Standard Oil Company 336 

Macomb strainers 366 

Management of the tests open to public 402 

}farij>08a steamship, oil-burning vessel 271 

McDonald burners * 91 

Test 55 212-213 

Measurement of coal, water, and refuse 8 

Mechanical atomization of oil by centrifugal means 258 

Mechanical burners for oil 320 

Mechanical burners using Borneo oil 326 

Mechanical spray burners, furnace details 331 

Mechanics of combustion, relating to oil fuel 313 

Melville, G. W., Admiral, views on requirements exacted by oil on naval 

vessels 394 
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Melville, Rear- Admiral, views on water-tube boiler 54 

Mirror used for observation of smoke 62 

Muddy water in teste 67 

Naval boilers, views of Admiral Melville 55 

Naval disadvantage of the smoke nuisance 398 

Naval limitations in the use of oil 394, 433 

Naval needs of fuel on the Pacific 422 

Naval research properly conducted by persons within the Navy 407 

Naval vessels on the Pacific coast should be fitted for oil burning 423 

Naval vessels boiler capacity should be greatly increased 432 

Navy launch boiler, oil burning furnace for 384 

Xebraskarif American Hawaiian Line, use of oil 294 

Nederlands steamer — 

Hasenwindy oil burning '. 323 

BrauweTy oil burning 327 

Of East Indies, oil burning 326 

Xemdarif American Hawaiian Line, use of oil 294 

New York market prices of oil compared 392 

Nitrogen, percentages of, California oil 69 

Noise in oil fuel plants 429 

Noise produced by injector burners 359 

Noise produced by inlet of air 403 

Oceanic Steamship Company, S. S. Alameda, log 291 

Oceanic Steamship Company's steamer Mariposa 271 

Ofiicers, junior, of the Navy, value of testing work to 426 

Officers of teste 66 

Oil and air pressures should be interrupted when pressure of either ceases 371 

Oil and air supply of burners, regulation of 62 

Oil analysis, S. 8. Mariposa* s trips 278 

Oil bunkers, arrangement of, S. S. Nebraskaii 302 

Oil-bunker tanks, 8. S. Mariposa 272 

Oil-burning apparatus in duplicate, S. S. Nebraskan 302 

Oil-burning furnaces in water-tube boilers 379 

Oil burners, types of. {See Burners.) 

Oil burned in combination with coal not desirable 433 

Oil-burning teste conducted, thirty years since Charleston Navy- Yard 364 

Oil, California, analysis of 69 

Oil-cargo pumps 372 

Oil City Boiler Works* burner 60,95 

Tests 1 to 8, 10 to 12, 15 to 20, 45, 56 to 66 69 

Oil City burners, furnace arrangemente 99 

Oil City Boiler Works' experte present at test 67 

Oil, character of, used in the experimente 389 

Oil and coal, relative production of the world 409 

Oil and coal as fuel, relative value 390 

Oil and coal tests, the final conclusions 428 

Oil compared with coal as fuel 417 

Oil consumption during teste 250, 252 

Oils, distillation of, percentages passed over 68 

Oils, flash-point for, when intended for naval use 432 

Oil-fuel installation, advantages of 417 

Oil fuel not to be carried in double bottoms beneath engine and l)oiler spaces. 406, 433 

Oil-fuel flame, nature and properties of 313 

Oil-fuel installations for locomotives and torpedo boats similar in their needs. 308 
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Oil-fuel installation S. S. City of Everett 336 

Oil-fuel installation of S. S. Nevadan and Xebraskan 294 

Oil-fuel, mechanics of combustion 31^ 

Oil-fuel tests, arrangement of boiler for j». 59 

Oil fuel per hour during teste 2oO, 252 

Oil fuel, use of, as such, commercially limited 435 

Oil heaters 369 

Oil-pressure regulators 371 

Oil prices compared 392 

Oil production of the United States available for fuel 416 

Oil-service pumps, S. S. Maripotsa • 276 

Oil strainers 366 

Oil tests: 

Arrangement of boiler for 59 

General plan of 102 

Oi>en to the public 402 

Summary of 242 

Oil used in tests, Texas, secured from Standard Oil CJompany 62 

Oil used in tests, method of weighing 61 

Oil use<l, character of 62 

Oil vapors, protection against 396 

Orificial spraying 359 

Ourgard Russian locomotive burner 358 

Oxygen, j)ercentage of, in oils used during tests 68 

Oxygen, percentages of, California oil 69 

Pacific ( )cean, naval needs as regards fuel 422 

Pennsylvania oil prices compared 392 

Pennsylvania Railroad injector burner 356 

Percentage* of oil to the world's fuel supply 409 

Percentage of steam recjuired for atomization 74 

Personnel of naval experimental testa 407 

Personnel of the naval testa 424 

Petroleum. (See Oil.) 

Petroleum burners. {See Burners.) 

Petroleum, fire point 68, 69 

Petroleum, flash point 68, 69 

Petroleum residuum U8e<l in tests 69 

Petroleum, surface tension of 317 

Petroleum, Texas, analysis 68, 69 

Pil)e line certificates compared in prioe 392 

Piping for oil tanks on naval vessels 396 

Plan of oil tests 102 

Preliminary or unofficial trials conducted 388, 419 

Preliminary run before endurance test 67 

Prices of oil compared 391 

Prices of coal and oil compared 391 

Prices of Pennsylvania oil compared 392 

Projector burners, types of 343 

Potomac River water used during tests 67 

Preliminary or unofficial trials 419 

Preliminary or unofficial tests on oil 388 

Pressure gages, arrangement of 11 

Prevention of smoke 399 
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Problem of the water-tube boiler 54 

Procter, A. M., Lieut, U. S. Navy 66 

Production of oil by countries and fields 410 

Proportion of oil to the world's fuel supply 409 

Pumps, feed 8 

Pumps for cargo oil 372 

Pyrometers used .' 62 

<^ality of coal used 10 

Recommendations for a board to determine proper conditions to govern use of 

oil in Navy 433 

Reduction of oil burners to simpler classification 338 

Reed burner, tests 13 and 14 129-131 

Reed combined air and steam burner 76 

Regulations of oil and air, S. S. Maripom 282 

Regulators for maintaining oil pressures 371 

Regulation of oil and air supply to burners 62 

Relative production of the world's fuel 409 

Relative production of coal and oil of world 409 

Relative value of coal and oil as fuel 390 

Report Gapt. H. N. Stevenson, oil burning, S. S. Mariposa 271 

Report of Lieut. Commander Ward Winchell, S. S. Mariposa 280 

Reserve supplies of oil fuel for naval purposes 433 

Results of the experimental work of the board 428 

Retarder, final conclusions 430 

Retarders, theoretical advantages of 317 

Retarders reducing smokestack temperatures 303 

Riveting for oil tanks 372 

Rodgersy U. S. S. torpedo boat, testing staff for Liquid Fuel Board 424 

Root blower, supplying air for burners 8, 303 

Rowe, warrant machinist, U. S. Navy 66 

Russia: 

Coal production 410 

Oil production 411 

Safety lamps, use of 406 

Santa Fe Railway Company 84 

Santa Fe burners 84 

Air for combustion 90 

Tests 46 to 54 194-211 

Schreiber, warrant machinist, U. S. Navy 66 

Scotch marine boiler furnace forms 375 

Separation of water -. 369 

Settling tanks for oil, S. S. Mariposa 274 

Smoke conditions with oil 431 

Smoke nuisance 398 

Smoke nuisance in torpedo boat oil burning 310 

Smoke, observation of, by mirror 62 

Smoke pipe temperatures, reduction of temperature of 430 

Smokestack temperatures, S. S. Nebraskan reduced by retarders 303 

Smothering pipes for oil cargo holds or bunkers 396 

Specific gravity: 

California oil 69 

Texas oil 68 

Residuum used 69 
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Spraying eil: P««e. 
By air or steam. {See Burners. ) 

By centrifugal force - 258 

By mechanical burners 320 

The mechanics of , 316 

Spraying by use of steam or air, conclusions 428 

Spraying by means of the orificial contours 359 

Staff of the experimental board 424 

Standard oil steamer City of Everett trials 336 

Standard Oil Company, oil secured from 62 

Steam atomizing burners 74 

Steam burners not necessarily efficient 407 

Steam as a spraying medium, conclusions 428 

Steam, character of evaporated 10 

Steam, method of raising 61 

Steam pivot centrifugal burner 260 

Steam required for atomization 74 

Steam turbine burners 258 

Steam used in spraying oil 250, 252 

S. S. Alameda^ log of, using oil 291 

S. 8. Bromver using mechanical burners 326 

S. S. City of Everett, oil-burner oi^rations 336 

S. S. Mariposa: 

General logs of trips burning oil 286 

Report on oil-burning installation 270 

S. S. Nehra^kan: 

Boiler data 306 

Oil-burning trips 294 

Summary of logs, oil burning 298 

S. S. Neixidan^ summary of logs, oil burning 298 

S. S. Tebe, Italian Navigation Company, oil-burning installation 328 

Steele, warrant machinist, U. S. Navy 66 

Stevenson, H. N., captain, U. S. Navy, report on oil burning, steamer Maripom. 271 

Stokers not ill disposed toward oil 430 

Storage of oil on shiplx)ard 372, 405 

Strainers for oil, difficulties with: 

S. S. Mariposa 283 

S. S. Tehe 332 

Strainers, needs for 328,366,430 

Structural forms of the — 

Atomizer burner 347 

Chamber burner 350 

Drooling burner 343 

Injector burners 353 

Structural requirements, oil supply to naval vessels 394 

Suction pipes for oil tanks 370 

Sulphur in crude oil used in tests 68 

Sulphur, percentages of, California oil 69 

Summary of coal tests 50-53 

Summary of oil tests 242 

Summary of logs of oil-burning ships Nebraskan and Xevadan 29? 

Summary of trips of S. S. Mariposa 286 

Superheating of oil and air, Branch system 80 

Surface tension of oil films 317 
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Swash plates in oil bunkers , 406 

Tank construction 405 

Tank construction for oil on naval vessels 395 

Tanks for measuring of water 8 

Tanks for oil, thickness of 405 

Tank suction pipes for oil 370 

Tank ventilation 372 

Temperatures: 

Average during trials 246 

In combustion chamber and smokestack 62 

Of flue gases 11 

In smoke stacks reduced by retarders 303 

Tests on oil, general arrangement of the official data 102 

Tests of coal 16-53 

Tests of centrifugal burners 258 

Test for endurance, one hundred and sixteen hours 66, 114 

Tests of oil fuel on S. S. Tehe, Italian steamer 328 

Tests on oil burning, additional to those here given, confirmatory of the U. S. 

Naval Board data 385 

Tests on oil open to the public 402 

Testing staff of the Liquid Fuel Board 424 

Texas oil: 

Analysis 68 

Prices 391 

Specific gravity ^ - 68 

Used for experimental purposes 62, 389 

Thermal efficiency not increased by use of steam burners 407 

Theory of combustion with oil fuel 313 

Transportation features in the supply of oil 394 

Trial trips, S. S. Mariposa 277 

Torpedo boats, desirability of fitting oil burning on 423 

Torpedo boat Gwin: 

Crew from, used during test 66 

Fitted with W. N. Best burners 310 

Torpedo boat Rodgers, crew from, used during test 66 

Turbine steam burners 258 

Types of orificial spraying 360 

United States: 

Coal production 410 

Oil production 411 

Geological Survey, tables of coal and oil production of the world 409 

Naval torpedo boats, desirability of fitting, for use of oil burning 423 

Shortage of coal on Pacific coast 422 

Unofficial or preliminary tests on oil 388, 419 

Uptake temperatures, reduction of 430 

Urquhart, superintendent of motive power, Trans-Siberian Railway 355 

Value of oil produced by countries and fields 414 

Van Vleck, Frank, technical secretary of board 426 

Vaporization of a liquid fuel, chemical theory of 316 

Vaporization point, Texas oil 69 

Vapors from oil, necessity for removal 372 

Ventilating heads or cowls 372 

Ventilation of oil bunkers, S. S. Mariposa 274 
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Ventilation of oil tanks 372 

Vertical boiler, oil-burning furnace for 384 

Volume of combustion space requisite in oil burning 316 

Wallsend Slipway and Engineering Company, tests of mechanical burners... 334 

Ward boiler, oil-burning furnace for 384 

Warner, J. B. , Hartford Steam Boiler Inspection & Insurance Co 405 

Water: 

Character of circulation in experimental boiler 7 

Drainage of, from tank bottoms 429 

Evaporated during tests ". 250-251,252-253 

Gage glasses, increased life demanded 432 

Separators 369 

Tube boilers of the bent-tube t3rpe, desirability for further tests on 423 

Tube boilers, furnace designs for burning oil 379 

Tube boiler, Hohenstein, details of 4 

Tube-boiler problem 54 

Weight of, contained in boiler 9 

Weather, state of, during oil trials 242 

Weight of ashes 9 

Weight of water contained in boiler 9 

Weighing oil used in tests 61 

Westinghouse air-brake type of compressors 373 

Whaleback steamer City of Everett^ oil-burning plant 336 

Whirling disc burners 258 

White-Hohenstein oil burner . , 97 

White, William Russel, lieutenant, U. S. Navy 66 

Williams centrifugal burners 258 

Williams, Harvey D., technical secretary, Naval Liquid Fuel Board 258, 426 

Winchell, Ward, lieutenant^commander, I^. S. Navy 271 , 280 

Wire gauze in ventilating cowls ....' 372 

World's relative production of coal and oil 409 
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